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INTRODUCTION 
The world today is one of compounding increases. The increase in 
population causes a demand for more food and intensifies the competition 
for foodstuffs. It is becoming more imperative that a foodstuff be used 
as efficiently as possible. A major constituent of the diet is protein 
and the essential nutrients, amino acids, which compose the protein. The 
efficiency with which a protein can be utilized depends upon how closely 
the proportion of indispensable amino acids it provides corresponds to the 
needs of the consumer. 
The pattern or balance of amino acids is critical. Nonruminant 
animals must obtain indispensable amino acids from foodstuffs and these 
amino acids are used concomitantly for synthesis of tissue proteins. The 
fact that there is essentially no storage of amino acids in the animal's 
body augments the importance of a dietary balance of amino acids. 
The three branched-chain amino acids (isoleucine. leucine and valine) 
form an interrelated group. They cannot be synthesized by the body of 
higher organisms and the proportions of each to the others seem to be 
inherent for optimum nutrition. The feeding of a high-leucine diet can 
cause severe growth retardation, this retardation being due to a lowered 
consumption of food. The reason for decreased food consumption is not 
known. An observed effect of feeding a high-leucine diet is depressed 
concentrations of isoleucine and valine in the blood plasma. 
The catabolic fates of the branched-chain amino acids are known, the 
first step being loss of the amino group by transamination. The question 
arises whether or not this first step in catabolism might possibly 
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be altered by the dietary proportions of the branched-chain amino 
acids. 
The work reported in this thesis was done to find an answer to 
this question and thus increase the knowledge of why a dietary balance 
of amino acids is so vitally important in the nutrition of higher 
organisms. 
The initial experiment was conducted to determine if an imbalance 
of branched-chain amino acids could be achieved. All of the other 
essential amino acids for the chick met NRC (1971) recommendations. 
The activity of branched-chain amino acid transaminase in kidney and 
liver tissues of chicks fed experimental diets were compared. In the next 
experiments transaminase activity was studied over time and the chicks' 
responses to dietary change were measured. 
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REVIEW OF LITERATURE 
Branched-chain Amino Acids and Growth 
The amino acids isoleucine, leucine and valine form a unique group 
in that they all have branched carbon chains. The essentiality of these 
three amino acids for humans was first reported by Rose e^ in 1943. 
The next year, 1944, Almquist and Grau showed their indispensability for 
the chick. 
However, complex interrelationships among the branched-chain amino 
acids were initially observed with bacteria. Gladstone (1939), using 
Bacillus antracis, indicated that excess leucine in the medium prevented 
growth which could be counteracted by valine. His other observations 
were that an excess of valine required the addition of leucine for growth 
and the effect of excess isoleucine could be alleviated by valine and 
leucine together. 
The work of Brickson e^ al. (1948) with Lactobacillus arabinosus 
indicated that when isoleucine was the limiting amino acid, an excess of 
leucine or valine caused inhibition of growth. When valine was limiting 
in the medium, isoleucine was a more potent growth inhibitor than leucine. 
An excess of isoleucine inhibited growth more than did excess valine, 
when leucine was the limiting amino acid. 
IWo years later, the deleterious effect of a high leucine concentra­
tion in the diet of chicks was reported. Grau and Kamei (1950) obtained 
decreased growth rate when zein, which has disproportionately high 
ratios of leucine to isoleucine and valine, was added to a chick diet. 
In the same paper, a depressive effect on growth was observed with 
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addition, of 10 percent leucine to a 20 percent protein chick diet. Hsu 
and Combs (1952) also found the addition of zein or leucine to a chick 
diet resulted in growth inhibition. They attributed the growth-
depressing action of zein to its leucine content. 
Branched-chain Amino Acid Imbalance 
The interrelationships among branched-chain amino acids in mammals 
were studied by Harper and associates in 1955. They reported that a diet 
with 3 percent added leucine retarded the growth of rats fed either 9 
percent casein or 18 percent beef-blood meal. The addition of isoleucine 
overcame most of the growth retardation caused by a high concentration of 
leucine. An extra 3 percent leucine added to a high-protein diet did not 
decrease the growth rate of rats. The rats did adjust, to some extent, 
after two weeks on a diet with 3 percent excess leucine, but the rate of 
growth did not ever reach that of the controls. The authors suggested 
that, since the effect of excess leucine was largely reversed by the 
addition nf isoleucine, leucine was affecting the utilization of iso­
leucine and thus increasing the requirement for isoleucine. They con­
cluded that excess leucine can act as an antimetabolite of isoleucine. 
Work from the same laboratory was reported by Benton e^ .al. (1956) 
demonstrating that valine as well as isoleucine was needed to overcome 
the growth depression of rats fed excess leucine. Spolter and Harper 
(1961) studied the mechanism of growth depression using diets containing 
3, 5 and 7 percent added leucinu> In this study, rats were fed a diet 
in which protein was replaced by an amino acid mixture calculated to 
simulate that of 9 percent casein. The appetite-depressing effect of 
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excess leucine was counteracted by insulin inj ections, with the result 
that food intake increased and the rats grew faster, thus indicating that 
a high intake of leucine was not toxic. 
In searching for other effects of excess leucine, blood of experi­
mental animals has been closely studied. In 1952 Hsu and Combs had shown 
that the nitrogen level of blood from chicks could be affected by the 
diet. Denton and Elvehjem (1954) reported amino acid levels in blood 
plasma of dogs were proportional to amino acid levels in dietary protein. 
Longenecker and Hause (1959), also working with dogs, concluded that 
plasma amino acid changes following a meal were directly dependent on 
the amino acid composition of the ingested protein. 
Rogers, Spolter and Harper (1962) also indicated a direct relation­
ship between plasma amino acids and the amino acid composition of diets 
ingested by rats. The concentrations of isoleucine and valine in blood 
plasma from rats receiving excess leucine were lower than the respective 
concentrations from rats fed a basal diet without added leucine or a 
high-leucine diet with isoleucine and valine added. Tannous, Rogers and 
Harper (1966) noted consistent decreases in the concentration of free 
isoleucine and valine in blood plasma and muscle of rats consuming a 
diet containing excess leucine. 
Clark, Peng and Swendseid (1966) observed an increase in plasma iso­
leucine and valine when a leucine-deficient diet was fed to rats. Plasma 
leucine concentration was significantly lowered compared with that of rats 
fed a complete amino acid diet. With an isoleucine- or valine-deficient 
diet the plasma concentrations of these amino acids were less, but 
leucine was not increased. Clark, Yamada and Swendseid (1968) reported 
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significantly decreased plasma levels of isoleucine and valine of rats 
administered a dosage of leucine. D'Mello and Lewis (1970a) also found 
plasma concentrations of isoleucine and valine were decreased by a surplus 
load of leucine. 
Swendseid et al. (1965) gave human subjects test doses of each 
branched-chain amino acid and found that only leucine reduced plasma con­
centrations of the other branched-chain amino acids. They also found each 
branched-chain amino acid had a characteristic plasma clearance rate. 
D'Mello and Lewis (1970a) examined the interactions among leucine, 
Isoleucine and valine in the young chick. Using a diet limiting in 
isoleucine, excess leucine depressed growth and this was only partially 
reversed by additional isoleucine. They found that both isoleucine and 
valine were required for complete restoration of growth. They concluded 
that the interaction between leucine and valine is nutritionally more 
significant than that between leucine and isoleucine. A further report 
by D'Mello and Lewis (1971) indicated that depression in food intake did 
not completely account for the ill effects of excess leucine. Their 
pair-feeding studies indicated that appreciable differences in weight 
gains still occurred, even when food intake was equated between control 
groups and groups fed a diet with a high concentration of leucine. 
A study to define, in quantitative terms, the interrelationships 
among isoleucine, leucine and valine was done by D'Mello and Lewis 
(1970b). At concentrations of 1.40, 2.15 or 2.90 percent leucine, the 
chick required 0.58, 0.62 and 0.65 percent isoleucine in the diet. The 
dependence of the valine requirement upon the dietary concentration of 
leucine was also observed. At concentrations of 1.40, 2.40 or 3.40 
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percent leucine, the valine requirement was 0.77, 0.89 and 1.01 percent, 
respectively. These workers graphed a linear correlation between an 
increase in leucine, above the requirement, and the increase in required 
isoleucine and valine needed to restore normal growth. 
The adverse effects of excess leucine could be of importance to 
mammals and birds. Com and zein are high in leucine while wheat products 
and cottonseed meal are low in isoleucine. Thus it is possible to see ill 
effects due to a disproportionate ratio of the branched-chain amino acids 
in a diet with no deficiencies of branched-chain amino acids. This reason­
ing could explain why Moran, Summers and Pepper (.1970) found isoleucine to 
be one of the first three limiting amino acids in wheat milling fractions. 
The mechanism (or mechanisms) involved in the interactions of 
leucine with isoleucine and valine has been studied by several researchers. 
Spolter and Harper (1961) suggested that the site of antagonism is not 
some phase of protein digestion. They observed no effect of excess 
leucine on rate of stomach emptying, on nitrogen retention, or on overall 
nitrogen absorption. D'Mello and Lewis (1970a) reported anomalous 
nitrogen retention values with chicks. Rogers et al. (1962) observed no 
significant differences between the rates of stomach emptying or amounts 
of nitrogen in intestinal contents of rats fed high-leucine diets with or 
without extra isoleucine and valine. In the study by Tannous et al. 
(1966), where free isoleucine and valine were decreased in blood plasma 
and muscle, they found no abnormal accumulation of isoleucine or valine 
in either the intestinal contents or the intestinal wall. 
The role of food intake depression is the central issue in growth 
retardation due to excess leucine. Palatability of the diet has been 
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rejected as a major cause of depressed appetite. Sanahuja and Harper 
(1962) studied the effect of amino acid balance and imbalance on food 
intake of protein-depleted rats and on the behavior of these rats when 
they were given a choice between an imbalanced diet and a protein-free 
diet. Rats fed the imbalanced diet would eat the protein-free diet in 
preference if given a choice between the two. Taste aversion was not 
responsible for rejection of the imbalanced diet, because appetite was 
normal the first three days of feeding. Rogers, Tannous and Harper (1967) 
investigated effects of excess leucine on food selection. When rats were 
allowed to choose between excess leucine and a protein-free diet, they 
usually chose the protein-free diet. Surprisingly, about half the rats 
preferred the protein-free diet to a high.-leucine diet which included 
supplemental isoleucine and valine. 
Gray, Adibi and Menden (1968), in intestinal absorption studies with 
man, found that the percentage of individual amino acids absorbed had no 
relationship to amino acid composition of the diet or amino acid mixture, 
but is dependent in terms of molar ratios of the amino acids. They found 
branched-chain amino acids to be among the fastest absorbed from the intes­
tine. The 1972 report of Sheerin and Bird showed competition among neutral 
amino acids in the gut of eight-week-old chicks. Earlier, Hagihira et al. 
(1960) suggested interference among the branched-chain amino acids during 
absorption from the intestine, the interference occurring at an early stage 
of absorption or being related to a step of active absorption. 
Lewis and D'Mello (1968) agreed with Tannous ^  (.1966) and 
rejected the theory of competition during absorption from the intestine as 
the site of antagonism. The fact that supplementation of a high-leucine 
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diet with isoleucine and valine did not reduce the high plasma concentra­
tion of leucine is also evidence against competition among isoleucine, 
leucine and valine during absorption. 
Another possibility is that the site of antagonism is transport into 
cells. The review by Christensen (1973) described work done on amino 
acid transport systems and concluded that relatively little is presently 
known or understood in this area. The different systems of amino acid 
transport proposed overlap and vary from tissue to tissue. 
A direct influence of the plasma amino acid level upon the satiety 
center of the hypothalamus is doubtful, for when ill effects of excess 
leucine are corrected by addition of isoleucine and valine, plasma leucine 
concentration is still high. Data of Scharrer, Baile and Mayer (1970) 
indicated that ventromedial areas of the hypothalamus were not essential 
for the inhibition of food intake caused by excess leucine. Apparently 
some area of the central nervous system is involved, since Leung and 
Rogers (1969) prevented food intake depression caused by amino acid excess 
with injections of small amounts of limiting amino acids into the carotid 
artery of rats. Infusions into the jugular vein did not prevent decreased 
appetite. Peng ^  al. (1973) concluded from their work with rats that the 
possibility of an effect of an excess of one amino acid on the metabolism 
of others was limited to amino acids within the same transport group. 
Spelter and Harper (1963) reported that excess leucine did not inter­
fere with protein and DNA regeneration above and beyond the depressing 
effect on food intake of rats after a partial hepatectomy. Rats fed the 
high-leucine diet without added isoleucine and valine regenerated more RNA 
the first few days after partial hepatectomy than did rats pair-fed the 
diet containing excess leucine with additional isoleucine and valine. 
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The potential significance of a catabolic route in lowering the 
effective levels of isoleucine and valine with a dietary excess of leucine 
is a possible mechanism for plasma amino acid alteration. Jones, 
Petersburg and Burnett (1967) used the chick to study the mechanism of the 
lysine-arginine antagonism. They found that excess dietary lysine caused 
an early decrease in tissue arginine concentration and a delayed increase 
in kidn^ arginase activity. The plasma concentration of arginine 
decreased significantly within six hours after feeding. The increase in 
arginase activity occurred after two to four days. They thought increased 
catabolism of arginine within the chick, a catabolism of unknown nature, 
could be the cause of the antagonism. 
Austic and Nesheim (1970) were able to induce high levels of kidney 
arginase activity in chicks fed arginine-limiting diets by the addition of 
excess lysine, tyrosine, histidine, isoleucine or phenylalanine. Nesheim, 
Austic and Wang (1972) also studied the influence of diet on control of 
arginine degradation in chicks. They found urea excretion to be a good 
estimator of arginine degradation via kidney arginase. Data suggested 
that kidney arginase activity can be regulated over wide ranges depending 
upon dietary conditions. Kean (1967) reported liver arginase and kidn^ 
transamidinase activities were influenced by the nutritive value of diets 
fed to rats. 
Catabolism of Branched-chain Amino Acids 
The initial four reactions for catabolism of valine, leucine and 
isoleucine are similar. Rodwell (1969) gave the following order to the 
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individual reactions: transamination, oxidative decarboxylation, 
dehydrogenation, and hydration. Dawson, Hird and Morton (1967) reported 
initial deamination of leucine by transamination followed by oxidative 
decarboxylation in liver and kidney tissue of the rat. Kidney tissue was 
found to be more active. In 1968, Dawson and Hird described valine 
metabolism as following the same two steps, transamination and oxidative 
decarboxylation. They concluded that the rate of transamination was 
dependent on the concentration of the amino-group acceptor. 
Reports about the relative importance of oxidative deamination and 
transamination in amino acid degradation in avian tissues are conflicting. 
Bassler and Hammar (1958) studied deamination of isoleucine, leucine and 
valine from livers and kidneys of chickens and found that a-ketoglutaric 
acid stimulated transamination, but they could find no evidence of direct 
oxidative deamination. McFarlane and von Holt (1969a) could not deduce 
whether transamination or oxidative deamination was altered by low-protein 
diets. In another study, McFarlane and von Holt (1969b) found that 
protein-calorie-depleted rats e^diibited a decreased ability to oxidize 
leucine as compared with control animals. 
Van Pilsum, Berman and Wolin (1957) found transaminase activity in 
rat kidney to be dependent on exogenous protein sources. Activity in 
young rats fed a protein-free diet was 24 percent of that in rats fed a 
complete diet. 
Takeuchi and Muramatsu (1971) agreed with the earlier report by 
Kean (1967) where the activity of kidney transamidinase in rats was found 
to reflect the quality of dietary protein. Reynolds, Potter and Pitot 
(1971) studied the response of hepatic enzymes of rats to a shift from a 
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low- to a high-protein diet. Tyrosine aminotransferase activity 
increased as the level of protein shifted from 12 to 60 percent of the 
diet. The adrenal glands were found to be either nonessential or to 
have minimal influence on the change in activity. Furthermore, the 
increase in aminotransferase activity occurred within two hours after 
switching the diet. 
Ichihara and Koyama (1966) studied the distribution of transaminase 
activities of valine, leucine and isoleucine in the rat. They found the 
heart and kidney to have the most activity while the rat liver had the 
lowest amount of activity. Ihey found leucine to be the best substrate 
and concluded that all three branched-chain amino acids were deaminated 
by the same transaminase. The low activity of transaminase in 
the liver explains why the branched-chain amino acids are not 
catabolized in the liver and are therefore provided in more abundant 
supply than other amino acids to peripheral tissues (Elwyn, 1968; Miller, 
1962). 
Ichihara and Takahashi (1968) noted the activity of transaminase 
for branched-chain amino acids in the rat liver decreased from the fetal 
period and reached the adult level within ten days after birth. They 
described a liver transaminase specific for leucine. This enzyme appears 
after birth and gradually increases in activity. The activity of this 
leucine specific transaminase increased during liver regeneration follow­
ing partial hepatectomy. 
In 1967, Ichihara et reported an increase in liver branched-
chain transaminase activity when animals were fed a high-protein diet. 
Kidney transaminase activity did not increase unless a diabetic condition 
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had been Induced. Mlmura, Yamada and Swendseld (1968) conducted 
experiments to determine the influence of dietary protein level on 
branched-chain amino acid transaminase activity of rat tissues. Diets 
containing 0, 18 and 75 percent casein diets were fed and transaminase 
activity of liver, kidney, muscle and intestine tissues measured. 
Kidney tissue had the highest transaminase activity followed by muscle, 
intestine and liver tissues. The 75 percent casein diet produced 
significantly greater activities than the 18 percent casein diet in 
kidney, muscle and liver tissue. Liver and muscle tissue of rats fed 
the nonprotein diet showed significant increases in transaminase 
activity compared with tissues of rats fed 18 percent casein. Activity 
of transaminase in kidney tissue of rats on the nonprotein diet was 
significantly less than activity found in kidney tissue of rats fed 
casein. Isoleucine, leucine and valine were transaminated at about 
the same rate in liver, kidney and intestine. In muscle, however, 
leucine was trans aminated at a faster rate than the other two amino 
acids. 
The experiments of Shiflett and Haskell (1969) indicated a 
significant decrease in leucine transaminase activity in kidneys of 
chicks fed a diet containing no x^itamin Bg supplement. Pair-fed 
controls did not shew a depression of leucine transaminase activity. 
The area of catabolism of branched-chain amino acids, when a 
dietary excess of leucine is fed, has not been investigated thoroughly. 
The role of branched-chain amino acid transaminase in response to 
excess leucine has not been studied. 
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EXPERIMENTAL 
General Procedure 
Diets 
Dietary ingredients were selected so that the diet was as deficient 
in isoleucine as possible with a practical diet based on commercial feed-
stuffs. The protein sources chosen, cottonseed meal and blood meal, are • 
low in isoleucine. Since some other amino acids were limiting, crystalline 
amino acids were supplemented to meet NRC (1971) recommendations with the 
exception of isoleucine. 
The crystalline forms of the branched-chain amino acids were added to 
the diets for the respective dietary treatments. Since the work of 
Askelson and Balloun (1965) showed that glutamic acid had neither an 
adverse effect nor a stimulating effect in chick diets, sufficient glu­
tamic acid was included so that the branched-chain amino acids could be 
supplemented to the diet at the expense of glutamic acid. The diets %7ere 
thus kept isonitrogenous and isoproteinous as well as isocaloric. 
Management and data collection 
Day-old male broiler chicks used in these studies were obtained 
from a commercial hatchery. The experiments were conducted in Petersime 
battery brooders with six decks and wire floors, and continuous lighting 
was provided. Batteries were thermostatically controlled and temperature 
was adjusted to meet the chicks* thermal requirement. Water was provided 
ad libitum to chicks as was feed with the exception of those chicks which 
were pair-fed. Pair-fed chicks received food twice a day. Compositions 
of the experimental basal diets are given in Table 1. 
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Table 1. Compositions of experimental diets - Experiments 1, 2 and 3 
Ingredient 
Experimental basal diets (%) 
1 2 and 3 
Ground yellow corn 69.0 69.0 
Cottonseed meal (41%) 18.0 20.0 
Blood meal (82%) 5.0 3.0 
Dicalcium phosphate 2.0 2.0 
Limestone 1.0 1.0 
Lyamine-50 0.8 1.0 
Trace mineral salt® 0.5 0.5 
Vitamin premix^ 0.5 0.5 
Soy oil 1.0 0.6 
Amino acid mixture 0.2c 0.3d 
Glutamic acid 2.0 2.1 
^Supplied the following in milligrams per kilogram of diet: sodium 
chloride, 4500; manganese; 88: zinc. 19: iron. 14: copper, 2.2; iodine, 
1.2; cobalt, 0.14. 
^Supplied the following per kilogram of diet: vitamin A, 7500 lU; 
vitamin D3, 1000 ICU; vitamin E, 10 lU; menadione sodium bisulfite, 2.2 
mg; vitamin B12, 10 meg; riboflavin, 5 mg; choline, 450 mg; pantothenic 
acid, 10 mg; niacin, 25 mg; santoquin, 100 mg; methionine equivalent, 
1000 mg. 
^Supplied the following in percent of diet: methionine, 0.08; 
threonine, 0.1; tryptophan, 0.02. 
'^Supplied the following in percent of diet; methionine, 0.1; 
threonine, 0.1; tryptophan, 0.05; cysteine, 0.05. 
Chicks were started on experiment at one day of age and were 
distributed so that weight variation within pens was nearly the same. 
Individual chick weights and pen feed consumption were recorded weekly. 
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The outline of the first experiment is given in Table 2. There were 
five birds per pen and five replicate pens per treatment with a. total of 
125 chicks in the experiment. The first experiment was terminated at the 
end of 25 dsys because of a shortage of diets. Birds were weighed 
individually at this time and blood samples collected by severing the 
carotid vein. Following cervical dislocation, livers and kidneys were 
removed, blotted on absorbent paper, weighed and frozen in liquid nitro­
gen. Individual blood samples were pooled by pens and stored at 
room temperature for 12 hours. Serum was removed by pipette and frozen 
for later analysis of amino acids. 
Table 2. Outline - Experiment 1 
Treatment 
% added 
Isoleucine Leucine 
A - Basal - -
B - + isoleucine 0.2 — 
C - + leucine - 1.5 
D - + isoleucine + leucine 0.4 1.5 
E - Basal pair-fed to C - -
Basal level (%) 0.59 1.79 
KRC (1971) recommendation 0.86 1.60 
Composition of diets and the outline for the second experiment are 
shown in Tables 1 and 3. There were four experimental diets and eigjht 
treatments. A total of 416 chicks was included in eight pens per block or 
battery and four batteries for a total of thirty-two pens. Water was 
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provided ad libitum as was feed except for the pair-fed treatments. Pair-
fed chicks were fed twice daily. 
Thirteen randomly distributed chicks were placed in each pen at one 
day of age. Chicks were weighed individually each week and weekly feed 
consumption by pen recorded. One chick from each, pen was sacrificed at 
the end of each week. Blood was collected from the severed carotid, the 
liver and kidneys removed, blotted on absorbent paper, weighed and frozen 
in liquid nitrogen. 
Table 3. Outline - Experiment 2 
% of diet 
Treatment Isoleucine Leucine Valine 
Basal 0.6 1.6 1.0 
I - + isoleucine 0.8 1.6 1.0 
L - + leucine 0.6 3.1 1.0 
LIV - + isoleucine, valine and leucine 1.0 3.1 1.2 
E - Basal pair-fed to L 
F - I pair-fed to L 
G - LIV pair-fed to L 
H - LIV pair-fed to Basal 
At the end of three weeks Experiment 2 was terminated and the remain­
ing chicks were used for Experiment 3. Each of 32 pens held ten remaining 
chicks. These ten chicks were divided into two equal weight groups of five 
chicks and these groups were then placed in a total of 64 pens. The 64 
pens were kept in the same four blocks as previously. 
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The four diets (Basal, L, L and LIV) fed during Experiment 2 were 
applied in Experiment 3. A crossover design was utilized so that each 
of the chicks in the eight treatments in Experiment 2 now received one 
of the four diets ad libitum. Table 4 is an outline of the design. 
When the chicks were four weeks of age, or one week after starting 
Experiment 3, one chick from each pen (a sum of 64 birds) was sacrificed 
and samples taken in the same manner as during the previous three weeks. 
At five weeks of age, or after two weeks on Experiment 3, only individual 
weights and pen feed consumption data were collected and the experiment 
was concluded. 
Table 4. Outline - Experiment 3 
Crossover treatment (weeks 4-5) 
Treatment (Experiment 2) Basal I L LIV 
Basal I,III* I,IV II,III II,IV 
I - + isoleucine II,III I,III II,IV I,IV 
L — + leucine I,IV II,IV I,III II,III 
LIV - + isoleucine, valine and 
leucine II, IV II,111 I,IV I,III 
E - Basal pair-fed to L I,III I,IV II,III II,IV 
F - I pair-fed to L I,III II,IV I,IV II,III 
G — LIV pair-fed to L II,IV II,III I,IV I,III 
H - LIV pair-fed to Basal II,IV I,III II,III I,IV 
^lock number. 
îfortality was negligible in all experiments. One chick in Experiment 
1, two chicks in Experiment 2 and none in Experiment 3 were lost. These 
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birds were replaced by spares which had been fed the same diet and for 
which weight gain data were available. 
Statistical analysis was done using methods and materials described 
by Snedecor and Cochran (1967) and Steel and Torrie (1960). 
Results and Discussion 
Experiment 1 
To study the interrelationships among the branched-chain amino acids 
it is first necessary to achieve dietary conditions which will give 
responses associated with an imbalance or antagonism. The two responses 
most closely associated are a decrease in food intake and an abnormal 
plasma amino acid pattern. The primary objectives of the first experiment 
were to determine if a diet composed mostly of natural feedstuffs was 
limiting in isoleucine, whether this diet could be corrected by additional 
isoleucine, and whether leucine supplementation would produce an imbalance 
that could be corrected by isoleucine supplementation. 
Data on weight gain are given in Table 5 and analysis of variance in 
Table 41. Chicks fed the basal diet, which met the NRC (1971) require­
ments for all amino acids except isoleucine, gained 199 grams in three 
weeks. When 0.2 percent isoleucine was substituted for glutamic acid 
there was a highly significant increase in weight gain, indicating that 
the basal was isoleucine-deficient. The addition of 1.5 percent leucine 
depressed weight gain and the addition of isoleucine offset most of (but 
not completely) the retarded weight gain due to leucine. The difference 
in weight gain between treatments B and D indicates that either an 
insufficient amount of isoleucine was added to D or possibly valine is 
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also required. Those chicks which were pair-fed the basal diet (treatment 
E) at the same feed intake as treatment C had about the same weight gain. 
Thus lesser weight gain of treatment C was because of reduced intake. 
Table 6 shows weekly feed consumption with analysis of variance given 
in Table 41. Food intake and feed efficiency paralleled weight gain (Table 
7; analysis of variance Table 41). Chicks in treatment A consumed signifi­
cantly less feed and had poorer feed efficiency than chicks in treatment B. 
Table 5. Mean body weight gain by week - Experiment 1 
Treatment 1 
Weight gain/ 
chick/week (grams) 
2 3 
Mean 
total 
(±11.9*) 
Basal A 38^ 67 94 199 
+0.2% isoleucine B 54 115 163 332 
+1.5% leucine C 34 59 88 181 
+ 1.5% leucine and 
0.4% isoleucine D 53 103 151 307 
- pair-fed to C E 36 58 91 185 
^Standard error. 
"nean weight gain of 5 pens with 5 chicks per pen. 
Table 6. Weekly feed consumption - Experiment 1 
Feed consumption/ Mean 
chick/week (grams) total 
Treatment 1 2 3 (±21.53) 
Basal 55b 123 189 367 
+0.2% isoleucine 73 175 277 525 
+1.5% leucine 56 108 170 334 
+ 1.5% leucine and 
0.4% isoleucine 75 168 266 509 
- pair-fed to C 56 108 170 334 
Standard error. 
^Mean feed consumption of 5 pens with 5 chicks per pen. 
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Table 7. Feed efficiency by weeks - Experiment 1 
Weekly feed efficiency Accumulative 
(g feed/g gain) mean 
Treatment 1 2 3 (±0.036*) 
Basal 1.45 1.84 2.01 1.84 
+0.2% isoleucine 1.35 1.52 1.70 1.58 
+1.5% leucine 1.65 1.83 1.93 1.84 
+1.5% leucine and 
0.4% isoleucine 1.55 1.86 1.87 1.80 
- pair-fed to C 1.42 1.63 1.76 1.66 
^Standard error. 
Table 8 shows the kidney and liver weights expressed as a percentage 
of body weight. The analysis of variance is given in Table 42. Kidney 
weight percentages showed significant treatment differences when orthogo­
nal comparisons were made. These differences can be explained by body 
size. Larger chicks had a lesser percentage kidney weight. With growth, 
the increase in bone and muscle mass is greater than the increase in 
kidney mass; therefore, the kidney forms a smaller proportion of the total 
body mass. 
Liver weights show the same trends as kidney weights. Those chicks 
fed excess leucine and additional isoleucine (treatment D) had the 
largest livers. The difference in percent liver, compared with chicks fed 
the diet with 0.2% additional isoleucine, was significant. Chicks given 
supplemental isoleucine had the smallest percentage kidneys and showed the 
most weight gain. Chicks given additional leucine were at opposite 
extremes. Chicks in treatment D had the greatest percentage liver weights 
and those in treatment B the least. 
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The ratio of kidney to liver reflects the difference in body size, 
isoleucine supplementation, and the increase in liver size with isoleucine 
and leucine addition. 
Table 8. Kidney and liver wei^ts as a percentage of body weight and their 
ratio - Experiment 1 
Treatment 
Kidney (%) 
(±0.0162) 
Liver (%) 
(±0.046*) 
Kidney/liver 
(±0.010*) 
Basal 0.94 2.09 0.450 
+ 0.2% isoleucine 0.83 2.06 0.404 
+1.5% leucine 0.99 2.18 0.450 
+ 1.5% leucine and 
0.4% isoleucine 0.85 2.23 0.378 
- pair-fed to C 0.95 2.11 0.448 
^Standard error. 
Concentrations of serum amino acids are given in Table 9. Serum from 
individual chicks in each pen was pooled. Amino acids were analyzed on a 
Technicon Amino Acid Autoanalyzer. There were five pens per treatment, but 
the serum from four of the twenty-five pens was mishandled, resulting in 
lost data. The analysis of variance shown in Table 43 was for groups with 
unequal replication. The analysis of variance table shows that only leu­
cine, methionine and arginine were significantly different among treatments. 
Serum values for isoleucine showed a response to isoleucine addition 
to the basal diet. However, isoleucine did not decrease in serum of chicks 
given leucine, nor was there a response to adding isoleucine to the high-
leucine diet. Serum leucine level increased significantly with a high-
leucine diet without isoleucine supplementation. Serum valine concentra­
tions did not show significant treatment differences, although the 
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Table 9. Concentrations of serum amino acids - Experiment 1 
Micromoles/lOO ml serum 
Treatment lie Leu Val Meth Lvs Tyr Are Phe 
Basal® 3.8 7.4 6.0 2.0 46.6 9.4 12.2 7.0 
+0.2% isoleucine® 6.6 13.0 10.8 3.4 46.4 13.2 22.8 10.6 
+1.5% leucine^ 5.0 17.0 7.0 1.3 63.3 11.0 15.3 6.7 
+1.5% leucine and 
0.4% isoleucine^ 5.0 9.5 9.5 6.0 68.8 13.0 23.2 6.5 
- pair-fed to 5.0 11.0 8.2 2.2 47.5 9.2 9.5 7.8 
^ean value for 5 replicates. 
^Mean value for 3 replicates. 
^Mean value for 4 replicates. 
addition of isoleucine caused a positive response in valine concentra­
tion. 
Serum methionine showed a significant positive response to iso­
leucine addition as did serum arginine. The high-leucine diet caused the 
lowest serum concentration of methionine. Tyrosine serum concentration 
also increased with isoleucine supplementation but the increase was not 
significant. 
The treatment means for lysine serum concentration show a positive 
response to leucine supplementation. There was too much variation between 
replicates for a significant difference to be shown. 
The weight gain and feed consumption data in Experiment 1 agree with 
the report of D'Hello and Lewis (1970a). With a diet limiting in iso­
leucine, excess leucine depressed feed intake and weight gain and this was 
only partially reversed by additional isoleucine. The serum concentrations 
of the branched-chain amino acids, however, do not follow the pattern 
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reported by Tannous et al. (1966) and D'Mello and Lewis (1970a). In 
chicks fed the high-leucine diet, serum leucine was increased but iso-
leucine and valine were not lowered. The addition of isoleucine to the 
high-leucine diet significantly lowered serum leucine concentration. 
The effect of isoleucine addition in significantly increasing serum 
concentrations of methionine and arginine is interesting. Methionine 
serum levels responded as is classically expected of isoleucine under 
similar dietary conditions. No report has been found showing a similar 
effect on arginine serum levels. 
Tables 10 and 11 show the relative activity of branched-chain amino 
acid transaminase in the kidney and liver and Tables 44 and 45 contain the 
respective analyses of variance. See Appendix B, page 106, for the method 
used for determining relative transaminase activity. 
Table 10. Relative activity of kidney branched-chain amino acid 
transaminase after 10 minutes of incubation - Experiment 1 
Transaminase activity (liM keto-acids)& 
Endogenous (±1.4") Valine-Blank Increase 
(Blank) (±4.4^) total kidney 
Treatment 
A - Basal 45.8 214.4 6005.7 
B - + isoleucine 52.5 216.3 8473.5 
C - + leucine 50.4 216.8 5715.7 
D - + leucine and 
isoleucine 48.1 204.2 7713.5 
E - pair-fed 49.2 222.6 5871.2 
^Each value represents the mean of 2 analyses/kidney/chick with 
5 chicks/pen and 5 pens/treatment. 
^Standard error. 
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Table 11. Relative activity of liver branched-chain amino acid 
transaminase after 10 minutes of incubation - Experiment 1 
Transaminase activity (uM keto-acids)^ 
Endogenous (±1.6^) Valine Blank Increase 
(Blank) (±2.3^) total liver 
Treatment 
A - Basal 50.8 54.4 3871.4 
B - + isoleucine 55.8 54.8 5957.8 
C - + leucine 53.4 51.2 3264.2 
D - + leucine and 
isoleucine 47.0 58.8 6127.4 
E - pair-fed 66.8 55.6 3261.6 
^Each value represents the mean of 2 analyses/liver/chick with 
5 chicks/pen and 5 pens/treatment. 
^Standard error. 
Endogenous a-keto-acids in kidneys were measured using a reaction 
mixture containing no amino acid. There was little difference among 
treatments and no detectable pattern present. The use of a substrate, 
valine, caused a marked increase in activity. The amount of keto-acids 
formed in ten minutes of incubation increased four times. There were no 
significant treatment differences due to incorporation of valine into the 
incubation medium. The high-leucine diet with additional isoleucine 
resulted in the least amount of keto-acids formed. 
The pair-fed treatment caused the greatest activity of transaminase. 
These chicks were consuming an isoleucine-deficient diet but not getting 
enough food to satisfy their energy requirement. 
Values for the amount of keto-acids formed, when the whole kidney is 
considered, are also given in Table 10. The data correspond closely to 
weight gain data. The larger chick has more kidney transaminase activity. 
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The endogenous amounts of keto-acids in livers are given in Table 11 
and treatment differences are significant. The orthogonal comparisons 
in Table 45 show that different levels of intake of the same isoleucine-
deficient diet (treatment A versus treatment E) affect the amount of 
keto-acids formed. On a per 100 milligram of liver basis, livers from 
chicks fed the isoleucine-deficient diet (treatment A) ^  libitum had 
less endogenous keto-acids than those chicks on restricted intake of the 
same diet. 
With valine as a substrate, the amount of keto-acids formed in vitro 
after ten minutes of incubation doubled. Table 45 shows no significant 
treatment differences. 
The last column in Table 11 shows the amount of keto-acids possible 
if the whole liver is considered. There are significant treatment 
differences which correspond very closely to weight gain or body size. 
The larger chicks have more keto-acids formed than the smaller chicks. 
Table 12 shows the averages for the sum of total kidney and total 
liver keto-acids formed per 100 grams of body weight. In this context 
the pair-fed treatment (E) has significantly more (probability of 0.01 
or less) endogenous branched-chain amino acid transaminase activity than 
treatment A (Table 46). This difference in amount of keto-acids formed 
is difficult to explain. Chicks in treatments C and E have the same 
intake of energy, isoleucine and valine. Treatment C chicks, however, 
consumed almost twice as much of the ketogenic amino acid leucine, yet 
show fewer keto-acids formed than treatment E chicks. The greater amount 
of endogenous keto-acids of treatment E chicks might be due to the fact 
that they would consume more feed if given the opportunity. 
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The total amount of keto-acids formed by the kidney and liver per 
100 grams of body weight when valine is the substrate and correction for 
endogenous concentration has been made is shown in Table 12. 
Table 12. Relative activity of branched-chain amino acid transaminase -
Experiment 1 
Sum of kidney plus liver keto-acids 
(yiM/lOO g body weight) 
Endogenous (±104&) 
Treatment (Blank) Vallne-Blank (±296&) 
A - Basal 1545 3209 
B — + isoleucine 1689 3119 
c - + leucine 1646 3279 
D - + leucine and 
isoleucine 1609 3265 
E - pair-fed 2011 3573 
^Standard error. 
Experiment 2 
The data from Experiment 1 showed that growth retardation was 
achieved by excess leucine and this retardation was not completely over­
come by the addition of isoleucine. In Experiment 2 the addition of 
valine with isoleucine completely overcame growth retardation caused by 
a high-leucine diet. Table 13 shows LIV caused weight gain comparable 
to I. That the basal diet was deficient in isoleucine is shown by the 
increase in wei^t gain when isoleucine was added (treatment I). Excess 
leucine (treatment L) depressed wieght gain further when added to a diet 
deficient in isoleucine. 
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Table 13. Mean body weight gain by week - Experiment 2 
Treatment Code 
Weight gain/ 
chick/week (grams) 
la 20 3C 
Mean 
totals 
(±3.04 
Basal (B) Basal 49 81 98 228 
+ isoleucine I 72 111 142 325 
+ leucine L 34 60 76 170 
+ leucine, isoleucine 
and valine LIV 73 111 145 329 
Basal pair-fed E 28 68 81 177 
I pair-fed to L F 32 72 89 193 
LIV pair-fed to L G 31 74 89 194 
LIV pair-fed to B H 43 99 124 266 
Average 45 84 106 235 
^ean weight gain of 4 pens with 13 chicks/pen. 
^Mean weight gain of 4 pens with 12 chicks/pen. 
%ean weight gain of 4 pens with 11 chicks/pen. 
^Standard error. 
The four dietary treatments show three different growth rates from 
the first week. The basal is significantly different from I, L and LIV 
(Table 47) and L is significantly different from LIV. 
Treatments E, F and G consumed the same diets as treatments Basal, 
I and LIV but were pair-fed to treatment L. There is no statistical 
difference in growth rate among these four treatments. 
During the first week, pair-fed chicks are adjusting to semi-
starvation conditions. After adjustment, the effect of quality of the 
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diets starts to emerge. Treatments F and G were diets (I and LIV) capable 
of supporting normal growth, if chicks were allowed to consume enough. 
Even with limited intake, at the end of three weeks, weight gains were 
greater to that shown by treatment L. Treatment E (the basal diet 
deficient in isoleucine) is not superior to L when feed intake is equal. 
This is the same result as shown in Experiment 1. 
From the data of Experiment 1, it was concluded that the growth 
depression caused by a high level of leucine was due to reduced feed 
intake. This was based on comparison with a diet deficient in isoleucine. 
When adequate diets are conçared with a diet containing excess leucine, 
this conclusion is still valid according to data from Experiment 2, 
because the increase in weight gain by chicks in treatments F and G are 
not significantly greater than the weight gain by L chicks. 
Treatment H shows that weight gain and feed intake are related to 
quality of the diet. A diet (LIV) with excess leucine plus additional 
isoleucine and valine causes statistically superior weight gain (Table 
47) at the same level of intake as a diet deficient in isoleucine 
(basal) . 
Feed intake controls weight gain. However, if the diet is not 
adequate for normal growth, limiting feed intake will keep growth rate 
of chicks fed such a diet inferior to the growth rate of chicks given 
the same amount of an adequate diet. As far as weight gain is concerned, 
the better diet will produce superior weight gain because the chick can 
utilize the diet more efficiently. 
Feed consumption (Table 14) in Experiment 2 confirms the results 
from Experiment 1. In Experiment 2, however, the inclusion of valine 
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with isoleucine to offset excess leucine (treatment LIV) caused an 
increase in feed consumption compared with that obtained when only 
isoleucine was added to a high-leucine diet. Thus the addition of 
isoleucine alone did not overcome feed Intake depression caused by 
excess leucine. Valine was also required. 
Table 14. Weekly feed consumption - Experiment 2 
Mean 
Treatment Feed consumption/chick/week (grams) total 
code la 2b Ic (±21.44 
Basal 89 166 253 508 
I 109 207 308 624 
L 72 130 192 394 
LIV 130 209 297 636 
E 72 130 192 394 
F 72 130 192 394 
G 72 130 192 394 
H 88 167 251 506 
Average 88 158 235 481 
^ean feed consumption/chick of 4 pens with 13 chicks/pen. 
''Mean feed consumption/chick of 4 pens with 12 chicks/pen. 
^Mean feed consumption/chick of 4 pens with 11 chicks/pen. 
^Standard error. 
Weekly feed efficiencies for Experiment 2 are recorded in Table 15. 
The item of note here is the improvement in feed efficiency of chicks on 
pair-fed treatments. The first week the chicks are adjusting to 
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limited intake. By the second week there was a great improvement in 
feed efficiency compared with the first week. During the third week, 
efficiency for the pair-fed chicks was intermiîdiate between figures 
recorded for the first and second weeks. Normally, feed efficiency 
becomes worse with the passage of time. This is because, as the chick 
grows larger, its requirement for body maintenance is increasing, thus 
causing poorer feed efficiency for growth. 
Table 15. Feed efficiency by week - Experiment 2 
Treatment 
code 
Weekly feed efficiency (z feed/g gain) 
Accumulative 
means 
C±0.04ld) la 2b 3c 
Basal 1.80 2.07 2.59 2.23 
I 1.51 1.88 2.16 1.92 
L 2.08 2.18 2.54 2.32 
LIV 1.78 1.89 2.05 1.93 
E 2.64 1.91 2.39 2.23 
F 2.34 1.80 2.19 2.04 
G 2.44 1.76 2.16 2.03 
H 2.06 1.69 2.03 1.90 
Average 2.08 1.89 2.06 2.08 
^ean feed efficiency/chick of 4 pens with 13 chicks/pen. 
^Mean feed efficiency/chick of 4 pens with 12 chicks/pen. 
^Mean feed efficiency/chick of 4 pens with 11 chicks/pen. 
"^Standard error. 
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The four dietary treatments fed ad libitum show a progressively 
poorer feed efficiency with, the passage of time. Treatments I and LIV, 
the better diets, show superior feed efficiencies. Treatment H had the 
best feed efficiency of the pair-fed treatments, ranking with I and LIV. 
Feed efficiency analysis of variance (Table 47) shows a significant 
difference between treatments E and F. The better diet (basal plus 
isoleucine) was used more efficiently than the isoleucine-deficient 
diet. 
As was expected, weeks are statistically different for weight 
gain, feed consumption and feed efficiency. Weight gain and feed con­
sumption increase as the chicks grow older and feed efficiency becomes 
worse. 
In Experiment 1, kidney and liver weight percentages were inversely 
correlated with body size. The larger the chick the smaller the ratio 
of kidney or liver weight to body weight. Experiment 2 (Table 16) does 
not show this relationship as clearly, but the trend is evident. The 
average, over treatments, for each succeeding week decreases and is 
statistically significant (Table 48). 
Some treatment comparisons show statistical differences between 
kidney percentages. Kidney percent of body weight for the basal 
treatment chicks was greater than for chicks in treatment H although feed 
intake was identical. This can be attributed to body size, with the 
larger chicks in treatment H having a smaller kidney percentage. 
The difference among the four treatments on the same level of intake 
(L, E, F and G) is of the same order as weight gain and feed efficiency. 
Table 16. Kidney and llvtsr weights as a percentage of body weight and their ratio by weeks -
Experiment 2 
Treatment 
code 
Kidney (t.032a) 
% 
Liver (±.062^) 
% 
Kidney/liver 
(+.013*) 
1 2 3 1 2 3 1 2 3 
Basal 1.13 1.17 1.00 2.96 2.44 2.28 0.39 0.50 0.44 
I 1.03 0.95 1.04 2.64 2.53 2.36 0.39 0.38 0.44 
L 1.05 1.16 1.14 2.50 2.38 2.45 0.42 0.49 0.46 
LIV 1.10 1.12 0.94 2.86 2.49 2.38 0.39 0.45 0.40 
E 1.08 1.18 1.04 2.56 2.52 2.32 0.42 0.47 0.45 
F 1.06 0.88 0.94 2.65 2.45 2.26 0.38 0.37 0.42 
G 1.07 0.97 0.90 2.59 2.50 2.34 0.41 0.39 0.38 
H 1.18 0.98 0.90 2.78 2.63 2.28 0.42 0.38 0.39 
Average 1.09 1.05 0.98 2.69 2.48 2.34 0.40 0.42 0.42 
^Standard error. 
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The more adequate the diet, the larger was the chick, thus the smaller the 
ratio of kidney weight to body weight. 
Liver percentages showed a significant difference by week. There 
was an unexplained block effect but no significant treatment differences 
exist. 
A study of the kidney to liver ratios shows the same significant 
differences among treatments as the kidney percentages with one exception. 
The comparison between L and LIV is significantly different with the 
latter treatment having a smaller ratio for each week. Here again, the 
differences seen can be attributed to body size. 
In the first experiment, the concentration of isoleucine in chick 
serum did not correspond as closely to the diet as in the reports of 
other workers (Tannous et al.. 1966; D'Mello and Lewis, 1970a), but the 
concentration of serum isoleucine in Experiment 2 (Table 17) does agree 
with these workers' plasma values. The addition of isoleucine to the 
basal diet increased the serum isoleucine concentration from 16 and 13 
micromoles per 100 milliliters of serum in the second and third week, 
respectively, for the basal to 19 micromoles for both weeks for treatment 
I. Excess leucine (treatment L) depressed serum isoleucine to 12 and 11 
micromoles for two- and three-week-old chicks, respectively. Treatment 
LIV shows serum isoleucine increases with the addition of isoleucine and 
valine to a diet containing excess leucine. 
Serum leucine concentrations, however, show no consistent response or 
correlation with dietary leucine. Valine serum shows a response to added 
valine. Treatment L is low in serum valine whereas treatment LIV, the 
diet with added valine, caused the highest serum concentration of valine. 
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Table 17. Concentrations of serum amino acids - Experiment 2 
Amino Treatment 
acid Week Basal I L LIV E F G H 
2 16^ 19 12 20 17 15 15 14 
lie 
3 13 19 11 15 18 15 11 15 
2 32 31 23 24 36 26 23 25 
Leu 
3 27 20 21 31 26 23 23 26 
2 28 30 20 32 31 24 30 24 
Val 
3 32 20 19 36 28 30 21 29 
2 8 8 5 9 7 8 10 6 
Met 
3 8 5 6 12 8 10 5 8 
2 14 13 9 11 12 11 10 8 
Phe 
3 12 8 11 12 12 10 9 9 
2 35 33 23 33 39 40 30 34 
Arg 
3 89 70 83 85 101 30 117 118 
2 13 10 7 8 12 11 9 6 
Pro 
3 11 7 8 13 10 7 6 5 
2 20 15 14 12 23 20 14 11 
Tyr 
3 11 12 16 16 18 11 12 12 
^Micromoles/100 ml serum. 
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The levels of serum methionine in Experiment 2 were the lowest of all 
amino acids measured, the same as in Experiment 1. Methionine serum con­
centrations in the first experiment corresponded with the diets in a manner 
as ascribed to isoleucine. Experiment 2 duplicates this with the exception 
of treatment I, which does not show an increase in serum methionine with 
isoleucine addition. Serum methionine decreases in chicks fed excess 
leucine and increases in chicks fed isoleucine and valine with the excess 
leucine. 
Serum amino acid concentrations of chicks on the pair-fed treatments 
are included in Table 17. Overall, the amount of any particular amino 
acid is at about the same concentration whether the diet is fed ^  libitum 
or intake is limited. With the exception of arginine, there is little 
difference between serum concentrations of individual amino acids for 
chicks two or three weeks of age. The higher concentration of serum 
arginine at three weeks of age is unexplained. The concentrations of 
serum amino acids in Experiment 2 are greater than in Experiment 1. 
Serum was handled in the same manner in these experiments but at different 
times. 
It was decided to determine protein content of liver tissues in 
Experiment 2 in order to study the relationship between protein and the 
relative activity of branched-chain amino acid transaminase. Protein 
was determined as described by Lowry et (1951). Table 18 records 
the percentage protein in raw livers of chicks sacrificed in Experiment 2. 
Analysis of variance for percentage liver protein (Table 50) shows 
that the livers of chicks on treatment L, the high-leucine diet, had 
significantly lower protein than chicks pair-fed the other three diets. 
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Table 18. Percent liver protein - Experiment 2 
Treatment 
code 1 
Week 
2 3 
Average 
(±0.41*) 
Basal 21.9b 19.0 22,0 21.0 
I 21.7 20.6 22.4 21.6 
L 19.1 18.8 20.9 19.8 
LIV 19.2 19.6 22.6 20.7 
E 22.0 18.9 22.2 21,0 
F 23.1 21.0 21.3 21.8 
G 23.5 20.6 21.8 21.9 
H 21.6 18.9 20.4 20.3 
Average 21.7 19.7 21.7 
Standard error. 
^Each value is a mean of 4 chick livers. 
TabIs IS shows the average percentage liver protein of four chicks 
in each of three weeks to be considerably lower for treatment L than the 
other treatments with the exception of LIV and H, which are the same 
diet at two levels of intake. 
The average protein percentages by weeks seem strange. The first 
and third weeks have identical averages, 21.7 percent. The second week 
average is 19.7 over all treatments. It is possible that liver samples 
were not blotted as well the second week as in the first and third 
weeks. However, the collection of samples was handled in the same way 
each week so there should be little error. 
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A value of 19.7 percent protein is given for raw liver of all 
classes of chicken in Metabolism, 1968. The values obtained in 
Experiment 2 are slightly higher than this figure, but these are 
growing chicks. 
The reason for the significant block effect is not known. There 
was also a significant block effect in the analysis of liver weight as 
a percentage of body weigiht. Each battery contained all treatments 
and constituted a block. 
The relative activity of branched-chain amino acid transaminase in 
tissues of chicks in Experiment 2 was measured as in Experiment 1, 
except that the concentration of a-ketoglutarate was greater and leucine 
was used as a separate substrate. See Appendix B for details. 
The amount of keto-acids formed in the incubation mixture was 
standardized using a-ketois©valerate and a-ketoisocaproate as separate 
standards for valine and leucine, respectively. In this way it was 
also possible to see if more than one branched-chain ami no acid 
transaminase existed, one of which has been described as general, and 
the other specific for leucine. 
The endogenous levels of keto-acids formed by liver tissue after 
ten minutes of incubation without a substrate are given in Table 19= 
Values are recorded by treatment and weeks of age. The a-ketoisocaproate 
and a-ketoisovalerate signify the respective keto-acid used as a 
standard. The mean averages over weeks within a treatment show there 
was little difference whether a-ketoisocaproate or a-ketoisovalerate 
was used as a standard. The analysis of variance (Table 51) shows no 
significant difference due to keto-acid used as a standard. 
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Table 19. Endogenous concentrations of keto-acids in micromoles/lOO mg of 
liver tissue after 10 minutes of incubation - Experiment 2 
Keto-acid in standard 
g-ketoisocaproate g-ketoisovalerate 
Treatment Week Week 
code 1 2 3 Ave 1 2 3 Ave 
Basal 170* 190 179 180 194 200 165 186 
I 220 206 244 223 255 199 214 222 
L 239 222 201 221 290 226 168 228 
LIV 171 268 234 224 208 295 205 236 
E 209 239 211 219 258 234 245 245 
F 146 204 192 181 168 212 180 187 
G 191 216 220 209 228 234 189 218 
H 169 225 224 206 200 238 198 212 
Average 189 221 213 208 225 230 186 214 
Average (by week for both substrates) 207 226 200 
"Each value is the average of fuur chicks. 
There is some variation in keto-acids among treatments but no sig­
nificant difference. There is a variation between the basal treatment 
and treatment I. When these diets were fed at the same level of intake 
(treatments E and F) the figures are reversed. In general, however, all 
the pair-fed chicks had lower endogenous levels of liver keto-acids than 
chicks fed ad libitum. Only the isoleucine-deficient diet showed an 
increase with feed restriction. 
There is no significant difference in keto-acids formed due to age 
of the chick. The first and third weeks have about the same average and 
the second week was slightly higher. 
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There was a significant difference for the week by substrate inter­
action. At one week of age there were more a-ketois©valerate acids formed 
than a-ketoisocaproate. This was also true for liver tissue from chicks 
two weeks of age, although the values are much nearer the same. At three 
weeks of age, these quantities are reversed. Liver tissue shows more 
formation of the keto-acid from leucine than from valine. 
A possible explanation of this could be explained by the work with 
rats of Ichihara and Takahashi (1968). They described a liver transami­
nase specific for leucine that appears after birth and gradually increases 
in activity. They also stated that nonspecific liver branched-chain amino 
acid transaminase decreases from birth. The amount of a-ketoisovalerate 
averages about the same for the first and second weeks (225 and 230 
micromoles/100 mg of liver) but drops sharply at three weeks of age to 
186 micromoles. 
The addition of either leucine or valine as a substrate in the 
incubation medium produced the data recorded in Table 20. The addition 
of leucine increased the amount of a-ketoisocaproate by about one and a 
half times over the endogenous concentration (without leucine). Valine 
as a substrate increased the levels twofold. 
The analysis of variance (Table 51) indicates that one block varied 
significantly from the other three. This block, a brooder battery, was 
the closest to the scales, water and feed storage area of the room, 
where a lot of activity occurred. These chicks were more influenced by 
external conditions than the other batteries or blocks and had reduced 
feed consumption. This extra disturbance could have altered the 
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Table 20. Concentrations of keto-acids in micromoles/lOO mg of liver 
tissue after 10 minutes of incubation in a complete medium 
and corrected for endogenous concentrations - Experiment 2 
Substrate 
Leucine Valine 
Treatment Week Week 
code 1 2 3 AVE 1 2 3 Ave 
Basal 290* 336 335 320 454 455 374 428 
I 220 346 332 300 400 558 395 451 
L 291 342 364 332 434 535 382 450 
LIV 265 348 329 314 346 456 420 408 
E 309 315 279 301 404 445 354 401 
F 265 358 296 306 418 578 345 447 
G 334 296 281 304 445 520 359 441 
H 261 261 314 279 404 492 371 422 
Average 279 325 316 307 413 505 375 431 
Average (by week for both substrates) 347 415 346 
^Each value is the average of four chicks. 
metabolic rates of the chicks so that the relative activity of branched-
chain amino acid transaminase was decreased. 
There were no treatment differences of any significance. Liver tissue 
from chicks limit-fed produced lesser amounts of keto-acids than chicks 
consuming feed ad libitum. 
Age of the chick was important. With a substrate in the incubation 
mixture, the livers of two-week-old chicks had significantly more keto-
acids formed than one- and three-week-old chicks. Liver tissue from 
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chicks at one and three weeks of age averaged the same (347 and 346 
micromoles/I00 mg, respectively). 
The effect of substrate was highly significant. Valine produced a 
40 percent greater concentration of keto-acids than did leucine. This 
difference was fairly consistent among all treatments and the analysis of 
variance indicates no significant effects due to interaction between 
substrates and treatments. 
The interaction of age and substrate was significant at the 0.05 
level of probability or less. Livers from chicks at two weeks of age 
produced higher concentrations of keto-acids than did one-week-old chick 
livers. At three weeks of age there was a slight drop with leucine to 
316 micromoles/lOO mg of liver from 325 the second week but not down to 
the 279 micromoles at one week of age. With valine as the substrate, 
concentrations of keto-acids produced by livers from three-week-old 
chicks (375) was well below the 505 at two weeks and less than the 413 
micromoles averaged in the first week. Except for the high average 
concentration of a-ketoisovalerate at two weeks of age (505 micromoles/ 
100 mg of liver) the trends agree with those found in Table 19. 
Table 21 shows the ratio of keto-acid concentration to amount of 
protein in chick liver. Each valus is the average of four individual 
chicks and the data are organized by treatment, substrate and age of 
chick. The analysis of variance is given in Table 52. 
There was more variation due to block than to treatment. Some non-
orthogonal comparisons were made. The comparison between treatments where 
chicks were fed ^  libitum and those where feed was restricted show the 
latter all have smaller values. This is due for the most part to a drop 
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Table 21. Liver branched-chain amino acid transaminase activity 
expressed as micromoles of keto-acids produced/mg protein -
Experiment 2 
Treatment 
code Substrate 1 
Week of age 
2 3 
Average 
(±0.11*) 
Leucine 3.30^ 3.30 3.07 3.22 
Basal 
Valine 4.18 4.75 3.35 4.09 
Leucine 1.99 3.36 3.09 2.81 
I 
Valine 3.64 5.52 3.82 4.32 
Leucine 2.89 3.64 3.49 3.34 
L 
Valine 4.36 5.65 3.70 4.57 
Leucine 2.66 3.52 2.90 3.03 
LIV 
Valine 3.48 4.99 3.72 4.06 
Leucine 2.82 3.34 2.49 2.88 
E 
Valine 3.75 4.50 3.22 3.82 
Leucine 2.26 3.43 2.79 2.82 
F 
Valine 3.56 5.62 3.26 4.14 
Leucine 2.82 2.06 2.59 2.49 
G 
Valine 3.82 5.03 3.36 4.07 
Leucine 2.37 2.80 3.08 2.75 
H 
Valine 3.70 5.30 3.69 4.23 
Leucine 2.64 3.18 2.94 2.92 
Average 
Valine 3.81 5.17 3.51 4.16 
^Standard error. 
^Each value is the average of four chicks. 
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in a-ketoisocaproate concentrations from livers of chicks on the pair-fed 
treatments. Treatment L (excess leucine) gave the highest values of all 
the treatments when either leucine or valine was the substrate in the 
incubation mixture. 
Livers from two-week-old chicks resulted in significantly more keto-
acids formed than those from chicks one or three weeks of age. When 
leucine was the substrate, week one values were the lowest, but with 
valine as the substrate, the third week average was the lowest. 
When the size of the liver was considered, the data recorded in 
Table 22 are obtained. There were considerable differences in body size 
of chicks in this experiment and thus differences in liver weights. 
Weekly averages show a progressive increase with time. In the instance 
where leucine was the substrate, there was a consistent linear increase 
for the three weeks. The pattern when valine was the substrate was a 
doubling from week one to week two (10.7 to 22.6 millimoles) and then a 
slight increase to 25.1 millimoles per liver at three weeks of age. The 
analysis of variance shows a significant difference by week. Most of this 
difference is linear. 
The variation in blocks is still present. However, treatments now 
show a significant difference also. For the most part, these differences 
can be attributed to body size. A comparison between chicks on the basal 
treatment and treatment I shows consistently higher values for the larger 
I treatment chicks. Basal treatment chicks had significantly greater 
amounts of liver keto-acids than L treatment chicks. Treatments I and LIV 
resulted in chicks about equal in body weight and in millimoles of keto-
acids formed per liver. 
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The pair-fed treatments show slightly smaller values for their body 
size compared with treatments where consumption was ^  libitum. This is 
especially true when E is compared with L. Body size was the same, but 
the pair-fed chicks have livers with smaller relative ability to transami-
nate branched-chain amino acids. 
Adjusting for liver size does not affect the substrate utilized, so 
there was still a significant difference between substrates leucine and 
valine, with the latter associated with higher keto-acid concentrations. 
Table 22. Total liver branched-chain amino acid transaminase activity in 
millimoles keto-acids formed - Experiment 2 
Substrate 
Leucine Valine 
Treatment 
code 
Week 
Ave 
Week 
Ava 1 2 3 1 2 3 
Basal 9.8* 13.0 22.0 14.9 13.3 19.2 24.6 19.0 
I 7.2 19.0 29.5 18.6 13.1 31.6 34.0 26.3 
L 6.4 11. S 21.6 13.3 9.2 18.5 21.5 16.4 
LIV 9.4 20.6 29.6 19.9 12.2 28.8 36.7 25.9 
E 6.1 11.0 14.8 10.6 8.2 14.8 18.8 13.9 
F 6.0 13.5 16.4 12.0 9.2 22.0 18.8 16.7 
G 7.4 8.0 16.2 10.5 9.5 20.3 19.8 16.5 
H 7.2 13.0 22.7 14.3 11.0 25.0 26.4 20.8 
Average 7.4 13.8 21.6 14.3 10.7 22.6 25.1 19.4 
Average (by week for both substrates) 9.1 18.2 23.3 16.8 
®Each value is the average of four chicks. 
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Samples of chick kidney tissue were also evaluated for relative 
transaminase activity. Table 23 shows the endogenous amounts of keto-
acid formation found in chick kidn^. Individual chick kidneys were 
pooled by treatment within week and a representative sample was then 
taken for determination of keto-acids formed. 
Weekly averages for keto-acids formed, using a-ketoisocaproate as a 
standard, were 224, 162 and 190 micromoles/lOO mg of kidney in weeks one, 
two and three, respectively. Using a-ketoisovalerate as a standard, the 
weekly averages were 307, 270 and 258 micromoles, a decrease as age of 
the chick increased. 
Treatment differences of note are the differences between the basal 
and L treatments, between L and EFG and between E, F and G. Kidneys of 
chicks on treatment L had significantly more keto-acids formed than kidney 
tissue from chicks on the other treatments. 
Table 23. Endogenous concentrations of keto-acids in microaoles/lOO mg of 
kidney tissue after 10 minutes of incubation - Experiment 2 
Keto-acid source in standard 
g-keto is o caproat e g-ketoisovalerate 
Treatment 
code 
Week 
Ave 
Week 
Ave 1 2 3 1 2 3 
Basal 190 146 195 177 264 245 230 246 
I 210 174 170 185 272 295 220 262 
L 268 175 204 216 372 289 302 321 
LIV 245 194 172 204 330 329 244 301 
E 235 158 195 196 322 261 355 313 
7 172 170 172 171 254 256 229 246 
G 252 120 226 199 340 209 234 261 
H 217 160 188 188 304 280 252 279 
Average 224 162 190 192 307 270 258 279 
Average (by week for both substrates) 265 216 224 235 
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In contrast to endogenous liver activity, the kidneys showed a 
distinction between the amounts of keto-acids with the two different 
standards. The concentrations of keto-acids using a-ketoisovalerate 
(279 micromoles) were greater than when a-ketoisocaproate (192 micro-
moles) was used. 
Table 24 shows the concentrations of keto-acids found in kidney 
tissue when leucine and valine are used as separate substrates. There 
was an increase in relative activity of branched-chain amino acid 
transaminase each week when leucine was the substrate. With valine as 
the substrate, there was an increase from 1059 to 1330 micromoles from 
one to two weeks of age, but a drop to 1281 micromoles at three weeks. 
Table 24. Concentrations of keto-acids in micromoles/ICQ mg of kidney 
tissue after 10 minutes of incubation in a complete medium 
and corrected for endogenous concentrations - Experiment 2 
Subs trate 
Leucine Valine 
Treatment Week Wask 
code 1 2 3 Ave 1 2 3 Ave 
Basal 532 659 650 614 1056 1560 1174 1263 
I 550 625 680 618 1026 1403 1244 1224 
L 528 645 749 641 1223 1327 1401 1317 
LIV 527 598 677 601 935 1334 1286 1185 
E 538 644 809 664 1140 1358 1292 1263 
F 637 570 801 669 nil 1333 1301 1248 
G 507 504 739 583 1053 1201 1266 1173 
H 396 548 791 578 927 1120 1282 1110 
Average 527 599 737 621 1059 1330 1281 1223 
Average (by week for both substrates) 793 964 1009 922 
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There was also a noticeable difference in keto-acid concentrations 
depending upon the substrate used. With, leucine as the substrate, the 
overall average was 621 micromoles of keto-acids/100 mg of kidney and 
with valine, 1223 micromoles, nearly double. 
No outstanding differences resulted among treatments, but the high-
leucine diet with added isoleucine and valine was an exception. This 
diet was fed to the chicks in treatments LIV, G and H. In Table 24 these 
treatments show the lowest concentrations of keto-acids. A comparison 
between the Basal and I treatments shows that the addition of isoleucine 
to a diet deficient in isoleucine does not alter the activity of the 
transaminase enzyme. 
Treatments Basal and H have the same feed consumption but the amounts 
of keto-acids formed were greater in the Basal chicks' tissues than 
kidneys of chicks on H. Treatment H contained considerable more of the 
branched-chain amino acids in the diet than the Basal treatment. 
Table 25 shows the amount of keto-acids formed on the basis of the 
whole kidney of chicks in Experiment 2. A comparison with the overall 
average of liver tissue keto-acids (Table 22) shows a greater total for 
the kidney (18.3 millimoles/kidney to 16.8 millimoles/liver) . The liver 
was twice the size of the kidney but had slightly less total transaminase 
activity. 
Weekly averages show a linear increase in relative activity of 
kidney branched-chain amino acid transaminase with age. For both 
substrates, the second week average is double the first week and the 
third week averages approach twice the second week average. 
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Table 25. Total kidney branched-chain amino acid transaminase activity 
in millimoles of keto-acids - Experiment 2 
Substrate 
Leucine Valine 
Treatment 
code 
Week 
Ave 
Week 
Ave 1 2 3 1 2 3 
Basal 6.1 13.6 18.7 12.8 12.0 32.2 33.8 26.0 
I 7.0 13.2 26.5 15.6 13.1 29.7 48.5 30.4 
L 4.8 10.8 20.7 12.1 11.1 22.3 38.7 24.0 
LIV 7.1 16.0 23.0 15.4 12.6 35.8 43.7 30.7 
E 4.7 10.6 19.5 11.6 9.9 22.3 31.1 21.1 
F 5.5 7.9 18.5 10.6 9.6 18.4 30.0 19.3 
G 4.5 7.6 16.1 9.4 9.4 18.0 27.6 18.3 
H 4.5 10.2 22.6 12.4 10.5 20.9 36.7 22.7 
Average 5.5 11.2 20.7 12.5 11.0 25.0 38.3 24.1 
Average (by week for both substrates) 8.3 18.1 28.5 18.3 
The concentration of keto-acids doubled when valine was the substrate 
instead of leucine. The experiment average was 12.5 mLllimoles of keto-
acids /kidney for leucine and 24.1 millimoles for valine. 
Noticeable treatment differences are also evident. Kidneys of 
chicks in the pair-fed treatments had lower concentrations of keto-acids. 
A comparison of the first four treatments (the four different diets in 
the experiment) shows that the averages over the three weeks follow body 
size or weight gain. Kidneys from chicks fed excess leucine (treatment 
L) had the least amount of keto-acids and these chicks also were the 
lightest in weight. The Basal treatment resulted in somewhat greater 
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amounts than did treatment L, and treatments I and LIV produced even 
higher amounts of keto-acids formed in the same incubation period. 
Another way of looking at the relative activity of transamination 
is on the basis of body weight. Table 26 gives the keto-acid formation 
of the kidney and liver tissues per 100 grams of body weight. 
Table 26. Total relative transaminase activity (kidney plus liver) in 
millimoles of keto-acids/lOO grams of body weight -
Experiment 2 
Substrate 
Leucine Valine 
Treatment Week Week 
code 1 2 3 Ave 1 2 3 Ave 
Basal 13.1 15.0 14.1 14.0 20.9 29.0 20.3 23.4 
I 11.5 14.5 15.0 13.3 21.4 27.5 22.1 23.7 
L 13.1 15.7 17.5 15.4 23.7 28.3 24.9 25.6 
LIV 13.6 15.4 13.9 14.3 20.3 27.1 21.2 22.9 
E 13.5 15.2 14.9 14.5 22.6 26.1 21.7 23.5 
F 13.8 13.7 14.2 13.9 22.7 25.9 19.9 22.8 
G 14.5 10.1 13.2 12.6 23.0 24.9 19.4 22.4 
H 12.1 12.2 14.2 12.8 22.3 24.0 19.8 22.0 
Average 13.2 14.0 14.6 13.9 22.1 26.6 21.2 23.9 
Average (by week for both substrates) 17.6 20.3 17.9 18.6 
The averages by week with leucine are 13.2, 14.0 and 14.6 millimoles 
of keto-acids/lOO grams of body weight. A small increase occurred each 
week. With valine, the weekly averages are 22.1, 26.6 and 21.2 millimoles 
of keto-acids/lOO grams of body weight. This is an increase from one to 
two weeks of age but a drop at three weeks of age to less than the first 
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week average. The difference due to substrate is also evident from these 
figures with valine resulting in 70 percent more keto-acids relative to 
body weight. 
There was a difference in keto-acid formation between chicks on the 
ad libitum feed intake treatments and those on the pair-fed treatments. 
This difference is due to the high-leucine diet with added isoleucine and 
valine and when leucine is the substrate. Feeding the diet ad libitum 
^treatment LIV) results in an average of 14.3 millimoles of keto-acids/100 
grams of body weight. However, when feed consumption is limited to that 
of chicks on treatment L or the basal treatment, averages of 12.6 and 12.8 
millimoles, respectively, are obtained. These treatments behaved in the 
same manner when valine was the substrate. 
The greatest amounts of keto-acids are recorded by tissues from 
chicks on treatment L, which are the smallest birds in the experiment. 
Experiment 3 
The chicks in this experiment were those remaining from Experiment 2. 
The initial treatments referred to in the tables correspond to Experiment 
2 treatments. The dietary treatments are the four diets of Experiment 2, 
fed to chicks from three to five weeks of age. The ten chicks remaining 
in pens from Experiment 2 were divided into two groups of five chicks each 
with nearly equal total weights. 
Analysis of variance was done using 32 treatments, the eight treat­
ments from Experiment 2 and the four diets in Experiment 3. Treatment 
comparisons could then be divided into these two groups and their 
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interaction. Comparisons among the initial treatments were not orthogo­
nal. When the dietary treatments are divided by isoleucine (lie) and 
leucine (Leu) addition, orthogonal conçarisons can be made. 
Experiment 3 weight gains are recorded in Table 27. Weekly weight 
gains were obtained at four weeks of age and at five weeks of age. The 
analysis of variance (Table 55) shows that initial treatment differences 
were not completely overcome. The only change from Experiment 2 is that 
the Basal treatment and L are no longer statistically different. In 
Experiment 3, weight gains were approximately identical, 303 and 301 
grams for the two^eek period. 
Dietary treatments showed significant differences. The dietary 
treatment averages totaled 300, 374, 243 and 383 grams for the Basal, I, 
L and LIV diets, respectively, for the two weeks. Weekly weight gain 
averages were greater during the fifth week than in the fourth except for 
chicks on the higji-leucine diet. These chicks gained the same each week, 
120 grams the fourth week and 123 grams the fifth week. 
Significance of the treatment by week interaction is difficult to 
assess. With a wide difference in weights of the 32 treatments at the 
start of the experiment, the compensatory growth of chicks on restricted, 
deficient or imbalancsd dietary regimes also varies widely. 
Feed consumption data are shown in Table 28 and statistical analysis 
in Table 55. Here again, wide variation in initial weights of chicks 
renders the analysis of initial treatments of little use. Initial treat­
ments I and LIV had considerably larger chicks and thus a higher feed con­
sumption for these chicks was expected. Analysis of dietary treatments is 
more meaningful and corresponds with weight gain data recorded in Table 27. 
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Table 27. Mean body weight gain by week in grams^ - Experiment 3 
Initial Dietary treatment 
treatment Basal I L LIV Avg Total 
3-4 week weight gain Çg/chick) 
Basal 113 153 117 162 136 
I 158 180 131 178 162 
L 115 158 79 159 128 
LIV 132 183 136 181 158 
E 104 152 83 146 121 
F 156 172 144 159 158 
G 154 166 154 199 168 
H 154 180 116 192 160 
Average 136 168 120 172 149 
4-5 week weight gain (g/chick) 
Basal 148 191 122 208 167 303 
I 190 205 146 214 189 351 
L 158 216 100 217 173 301 
LIV 162 216 130 222 183 341 
E 149 200 103 214 167 288 
F 158 200 121 194 168 326 
G 166 203 111 218 174 342 
H 180 214 152 201 187 347 
Average 164 206 123 211 176 325 
Total 300 374 243 383 
^There were five chicks per pen from 3-4 weeks and four chicks per 
pen from 4-5 weeks of age. 
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Table 28. Feed consumption/week/chick in grams® - Experiment 3 
Initial Dietary treatment 
treatment Basal I L LIV Avg Total 
3-4 week feed consumption 
Basal 291 340 300 390 330 
I 390 414 359 398 390 
L 278 303 228 332 260 
LIV 348 406 354 384 373 
E 274 358 250 339 305 
F 345 344 333 336 339 
G 336 340 359 383 355 
H 354 361 337 385 359 
Average 327 358 315 368 342 
4-5 week feed consumption 
Basal 374 428 344 439 396 727 
473 478 396 506 463 853 
L 370 411 290 438 377 662 
LIV 404 480 377 478 434 807 
E 364 424 276 426 372 678 
F 392 406 324 433 389 728 
G 390 403 326 432 388 742 
H 410 407 408 376 400 760 
Average 397 430 343 441 403 745 
Total 724 778 658 809 
^There were five chicks per pen from 3-4 weeks and four chicks per 
pen from 4-5 weeks of age. 
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Table 29 shows feed efficiencies in Experiment 3. Data parallel 
that found in the first two experiments with one exception. As birds 
became larger and the maintenance requirement increased, the ratio of 
feed to gain became larger. In Experiment 3, however, analysis of 
variance (Table 55) shows no significant difference by week. Indeed, 
the dietary treatment averages for weeks four and five are almost 
identical. 
Kidney and liver samples were taken at four weeks of age and are 
expressed as a percentage of body weight in Table 30. The analysis of 
variance (Table 56) shows significant effects due to initial treatments 
and dietary treatments. 
The effect of initial treatment on percent kidney is not entirely 
due to chick size. Treatments I and tt, averaging 0.87 and 0.88 percent 
kidney, are less than the other averages. The dietary treatment averages 
agree inversely with body weights. The largest chicks (dietary treatment 
LIV) have the smallest percentage kidney. 
Initial treatments have an effect on liver percentage that is due to 
body size. Larger chicks have a small liver percentage. The averages for 
dietary treatments are just the opposite. The larger chicks (dietary 
treatments I and LIV) have greater liver percentages than the smaller 
chicks from dietary treatments Basal and L. 
The ratio of kidney to liver (Table 31) emphasizes the larger 
percentage livers of chicks on the initial pair-fed treatments by showing 
smaller ratios. Dietary treatment averages also are smaller for treat­
ments I and LIV, which have larger livers. 
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Table 29. Weekly feed efficiency (g feed/g gain) - Experiment 3 
Initial 
treatment Basal 
Dietary treatment 
I L LIV Ave 
Tkfo-week 
average 
3-4 week feed efficiency 
Basal 2.58 2.23 2.60 2.38 2.45 
I 2.48 2.30 2.76 2.24 2.45 
L 2.41 1.92 2.88 2.09 2.32 
LIV 2.60 2.23 2.61 2,12 2.40 
E 2.64 2.34 3.04 2.33 2.59 
F 2.22 2.00 2.32 2.10 2.16 
G 2.20 2.06 2.32 1.92 2.12 
H 2.37 2.01 2.99 2.01 2.34 
Average 2.44 2.14 2.69 2.15 2.36 
4-5 week feed efficiency 
Basal 2.54 2.24 2.84 2.10 2.43 2.44 
I 2.50 2.34 2.72 2.36 2.48 2.46 
L 2.34 1.90 2.88 2.02 2.29 2.30 
LIV 2.48 2.23 2.92 2.14 2.44 2.42 
E 2.46 2.12 2.68 2.01 2.32 2.45 
F 2.47 2.04 2.68 2.24 2.36 2.26 
G 2.36 1.98 2.96 1.99 2.32 2.22 
H 2.28 2.11 2.68 2.09 2.29 2.32 
Average 2.43 2.12 2.80 2.12 2.37 2.36 
Two-week avg 2.44 2.13 2.74 2.13 
Table 30. Kidney and liver weights expressed as a percentage of body weight • - Experiment 3 
% kidney % liver 
Initial Dietary treatment Dietary treatment 
treatment Basal I L LIV AVR Basal I L LIV Avg 
Basal 1.06 0.94 1.07 0.84 0.97 2.04 2.42 2.16 2.24 2.21 
I 0.92 0.79 0.87 0.88 0.87 2.00 2.18 2.00 2.22 2.10 
L 1.03 0.84 1.02 0.92 0.95 2.16 2.25 2.17 2.43 2.25 
LIV 0.93 0.88 0.96 0.88 0.91 2.01 2.06 1.79 2.21 2.02 
E 0.90 1.12 0.91 0.96 0.97 2.21 3.12 2.32 2.29 2.48 
F 0.96 1.02 0.90 0.86 0.94 2.08 2.54 2.33 2.42 2.34 
G 0.89 0.84 1.02 0.90 0.91 2.23 2.48 2.14 2.20 2.26 
H 0.97 0.86 0.90 0.80 0.88 2.26 2.33 2.10 1.98 2.17 
Average 0.96 0.91 0.95 0.88 0.93 2.12 2.42 2.13 2.25 2.23 
58 
Table 31. Ratio of kidney to liver weight - Experiment 3 
Initial 
treatment 
Dietary treatment 
Average Basal I L LIV 
Basal 0.52 0.40 0.50 0.38 0.45 
I 0.46 0.38 0.44 0.40 0.42 
L 0.48 0.38 0.46 0.38 0.42 
LIV 0.46 0.43 0.54 0.40 0.46 
E 0.40 0.36 0.39 0.42 0.40 
F 0.46 0.40 0.38 0.36 0.40 
G 0.40 0.34 0.48 0.41 0.41 
H 0.43 0.37 0.43 0.40 0.41 
Average 0.44 0,38 0.44 0.39 0.42 
The percent liver protein at four weeks of age for chick livers 
averaged 18.7 percent in Experiment 3 (Table 32). This is lower than the 
percentages for the first three weeks. There was considerable variation 
between replicates as to percent protein of liver. The averages of two 
initial treatments, L and LIV, are somewhat greater than the rest. Both 
of these treatment groups were fed high levels of leucine with no restric-
tion on intake. 
Table 32. Percent liver protein - Experiment 3 
Initial Dietary treatment 
treatment Basal I L LIV Average 
Basal 19.4 18.7 19.8 21.0 19.5 
I 17.3 13.8 18.2 18.8 17.1 
L 21,9 20.6 23.0 20.0 21.4 
LIV 20.6 21.4 21.4 21.0 21.1 
E 19.5 18.0 17.6 18.4 18.4 
F 17.6 18.9 17.6 17.2 17.8 . 
G 17.8 16.4 16.8 16.8 16.9 
H 18.8 16.4 16.4 17.4 17.2 
Average 19.1 18.0 18.8 18.7 18.7 
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Endogenous levels of keto-acids in chick livers are shown in Table 
33. The analysis of variance (Table 57) shows an effect by initial 
treatments due to pair-feeding. The isoleucine-deficient diet caused an 
increase of 40 percent of keto-acids in livers of chicks restricted in 
dietary intake. This is a comparison of the initial treatment averages 
for basal and E. About the same increase is seen by congaring I and F. 
The other two initial pair-fed treatments, G and H, show a decrease when 
compared with the ad libitum-fed chicks, initial treatment LIV. 
A comparison of the dietary treatments produces an effect attributed 
to leucine. Diets L and LIV average more keto-acids, 386 and 422, than 
the basal and I diets, 362 and 360, respectively. The endogenous liver 
keto-acids increase when either a-ketoisocaproate or a-ketoisovalerate is 
used as a standard. 
There was a highly significant difference in the amount of keto-acids 
formed between the two standards. The keto-acid of valine shows 439 
micromoles of keto-acids/lOO mg of liver. This is 35 percent more than 
the 326 micromoles averaged when the keto-acid of leucine is the standard. 
Table 34 gives the amounts of keto-acids, above the endogenous levels, 
found when either leucine or valine is added to the incubation mixture as 
a substrate. The composite average with leucine is 277 micromoles of 
keto-acids. The addition of leucine to the mixture did not quite double 
the amount of keto-acids formed, as the endogenous level was 326 micro-
moles. Valine as the substrate produced two and one-half times the 
endogenous level of keto-acids. The composite valine average is 671 
micromoles above the endogenous level of 439 micromoles. The concentra­
tions of keto-acids found, using valine, average about two and one-half 
times those determined when leucine is the substrate. 
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Table 33. Endogenous concentrations of keto-acids in micromoles/100 mg 
of chick liver - Experiment 3 
Initial Dietary treatment 
treatment Basal I L LIV Avg Average 
Keto-acid source: leucine 
Basal 302 282 328 350 316 
I 238 195 220 215 217 
L 258 245 320 287 278 
LIV 333 407 313 428 370 
E 488 425 415 482 452 
F 285 272 305 333 299 
G 258 320 362 405 336 
H 342 308 382 340 343 
Average 313 307 331 355 326 
Keto-acid source: valine 
Basal 340 352 407 443 386 351 
I 415 317 373 372 367 292 
L 360 360 442 428 398 338 
LIV 392 492 385 562 458 414 
E 575 520 507 590 548 500 
F 443 478 492 585 499 399 
G 315 402 435 503 414 375 
H 455 395 495 435 445 394 
Average 412 414 442 490 439 
Average 362 360 386 422 383 
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Table 34. Relative activity of branched-chain amino acid transaminase in 
chick liver by micromoles of keto-acids/100 mg of liver after 
10 minutes of incubation and corrected for endogenous concen-
trations - Experiment 3 
Initial Dietary treatment 
treatment Basal I L LIV Ave Averae 
Substrate: leucine 
Basal 245 285 228 278 259 
I 218 210 272 218 229 
L 250 252 310 220 258 
LIV 292 165 335 308 275 
E 325 365 310 335 335 
F 180 300 270 235 246 
G 362 300 362 255 320 
H 382 272 300 225 295 
Average 282 269 298 259 277 
Substrate: valine 
Basal 595 620 595 688 624 442 
I 610 618 822 680 682 456 
L 648 615 630 550 611 435 
LIV 605 468 665 725 616 445 
E 570 745 645 668 657 495 
F 652 905 790 642 748 497 
G 702 790 808 678 744 532 
H 690 688 690 678 686 491 
Average 634 681 706 663 671 
Average 458 475 502 461 472 
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As shown in Table 34, the dietary treatment L averages the most 
keto-acids, 502 micromoles, and the average using either substrate was 
also higher than for liver tissue from chicks on the other three diets. 
Chicks on the initial treatment L, however, had the lowest amounts of 
keto-acids in their liver tissue, 435 micromoles. 
Chicks on the initial pair-fed treatments (E, F, G and H) averaged 
higher levels of liver keto-acids at four weeks of age than chicks which 
were on the initial treatments with ^  libitum feed intake. This is 
true in every instance when a comparison between chicks consuming the 
same diet, but at different levels of intake, is made. Livers of chicks 
originally restricted show higher concentrations of keto-acids after 
incubation. 
Keto-acid concentration/mg of liver protein is recorded in Table 35. 
The difference due to substrate (Table 34) is not affected by dividing 
keto-acid concentration by liver protein. 
With the initial treatments, the difference between ad libitum 
feeding and pair-feeding is accentuated. Livers from pair-fed chicks 
have a much higher keto-acid to protein ratio after one week on ^  libitum 
feeding than livers from chicks which were not on a restricted feed intake 
regime. 
Treatment L still shows the largest values among the dietary treat­
ments, an average of 5.51 micromoles of keto-acids/mg protein for L 
compared with 4.78, 5.32 and 4.91 micromoles averaged by diets basal, I 
and LIV, respectively. 
When liver size is taken into account, some change in comparisons was 
seen (Table 36). The larger livers of bigger chicks even out the initial 
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Table 35. Relative activity of branched-chain amino acid transaminase in 
chick liver by micromoles of keto-acids/mg protein - Experiment 
3 
Initial Dietary treatment 
treatment Basal I L LIV Avj? Average 
Substrate: leucine 
Basal 2.49 3.58 3.01 2.82 2.98 
I 2.52 2.74 2.99 2.32 2.64 
L 2.29 2.45 2.68 2.21 2.41 
LIV 2.78 1.46 3.10 3.02 2.59 
E 3.37 4.10 4.06 3.58 3.78 
F 2.01 3.15 2.92 2.75 2.76 
G 4.08 3.67 4.31 2.42 3.62 
H 3.98 3.35 3.66 2.52 3.38 
Average 2.94 3.06 3.37 2.71 3.02 
Substrate: valine 
Basal 6.10 6.68 6.02 6.84 6.41 4.69 
I 7.06 7.78 9.10 7.25 7.80 5.22 
L 5.92 5.99 5.50 5.51 5.73 4.07 
LIV 5.86 4.36 6.18 7.01 5.85 4.22 
E 5.84 8.24 7.32 7.25 7.16 5.47 
F 7.38 9.58 8.98 7.45 8.35 5.51 
G 7.68 9.64 9.62 8.03 8.74 6.18 
H 7.18 8.36 8.55 7.59 7.92 5.65 
Average 6.63 7.57 7.66 7.12 7.24 
Average 4.78 5.32 5.51 4.91 5.13 
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Table 36. Total concentration of keto-acids in mil limoles/liver -
Experiment 3 
Initial Dietary treatment 
treatment Basal I L LIV Ave Average 
Substrate: leucine 
Basal 18.4 34.6 25.0 27.8 26.5 
I 23.1 30.1 25.2 22.0 25.1 
L 20.1 19.4 21.1 19.8 20.1 
LIV 31.6 18.3 32.7 36.0 29.6 
E 18.3 40.2 29.5 31.3 30.1 
F 16.2 28.9 24.0 24.7 24.5 
G 30.9 26.6 34.1 20.3 28.0 
H 38.7 29.8 29.0 22.8 30.1 
Average 24.8 28.5 27.6 25.6 26.6 
Substrate: valine 
Basal 44.3 63.7 59.8 63.3 58.9 42.7 
I 65.2 85.4 73.1 68.9 73.2 49.1 
L 52.1 47.6 42.8 49.4 48.0 34.0 
LIV 67.0 52.4 65.2 85.0 67.4 48.5 
E 33.9 81.7 47.2 61.4 56.1 43.1 
F 55.6 87.7 72.0 63.5 69.7 46.6 
G 60.2 70.1 76.4 67.3 68.5 48.2 
H 69.9 74.7 76.1 68.4 70.0 50.1 
Average 56.0 70.4 62.9 66.5 64.0 
Average 40.4 49.5 45.2 46.1 45.3 
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treatment averages so that the difference between ad libitum and pair-fed 
treatments is no longer so great. The smaller size of L treatment chicks 
accentuates the low keto-acid levels of their livers. 
Liver size affects the comparisons among dietary treatments. Diet I 
now averages the most keto-acids, 49.5 millimoles/liver, and the basal 
diet is still averaging the least, 40.4 millimoles. Although diet L 
chicks were the smallest, on a per 100 mg of liver basis, these chicks 
had the greatest levels of keto-acids. 
The analyses of variance for the last three tables (keto-acids/100 
mg liver, per mg protein, and per liver) are shown in Tables 57 and 58. 
The significance of replication in each of these three analyses compli­
cates the evaluation of mean square significance for the various 
comparisons. 
The transaminase activity of kidneys was also evaluated in Experiment 
3. Table 37 records the endogenous concentrations of keto-acids in 
micromoles/lOO mg of chick kidney. The analysis of variance in Table 59 
shows that the only significant difference is that between the two keto-
acids used as standards. The average for a-ketoisocaproate is 276 
micromoles/100 mg of kidney and with a-ketoisovalerate the average is 347 
micromcles. There are no significant differences among dietary treatments 
although diet L was the lowest. Initial treatments are labeled as blocks 
in the analysis of variance and there were no significant differences, 
although L, the excess-leucine diet, shows the lowest concentration of 
keto-acids. 
Table 38 shows the increase above the endogenous level of keto-acid 
concentration found when a substrate, either leucine or valine, was added 
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Table 37. Endogenous concentrations of keto-acids in micromoles/lOO mg 
of chick kidney - Experiment 3 
Initial Dietary treatment 
treatment Basal 1 L LIV Avg Average 
Keto-acid source; leucine 
Basal 334 321 316 345 329 
I 245 322 281 307 289 
L 267 254 256 235 253 
LIV 257 216 221 354 262 
E 237 262 220 249 242 
F 340 279 183 220 256 
G 319 318 327 305 317 
H 260 241 312 241 264 
Average 282 277 264 282 276 
Keto-acid source: valine 
Basal 408 388 384 451 408 368 
I 288 387 325 371 343 316 
L 325 316 302 287 308 280 
LIV 308 264 260 439 318 290 
E 330 378 315 373 349 296 
F 450 417 251 320 360 308 
G 381 376 385 347 372 345 
H 300 281 410 284 319 291 
Average 349 351 329 359 347 
Average 316 314 297 320 312 
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Table 38. Relative activity of branched-chain amino acid transaminase in 
chick kidney by micromoles of keto-acids/lOO mg of kidney after 
10 minutes of incubation and corrected for endogenous concentra-
. tions - Experiment 3 
Initial Dietary treatment 
treatment Basal I L LIV Ave Average 
Substrate; leucine 
Basal 616 574 590 645 606 
I 706 496 640 655 624 
L 547 554 453 431 496 
LIV 561 552 615 519 562 
E 524 808 608 482 606 
F 596 552 513 482 536 
G 479 598 513 486 519 
H 609 654 666 525 614 
Average 580 598 575 528 570 
Substrate: valine 
Basal 1030 1007 936 1056 1007 80S 
I 960 1024 1108 1252 1086 855 
L 898 933 786 708 831 664 
LIV 982 909 870 755 879 720 
E 1204 1206 1336 1114 1215 910 
F 1180 1315 998 1104 1149 842 
G 1119 1182 1016 1035 1088 804 
H 1060 983 1258 925 1056 835 
Average 1054 1070 1038 994 1039 
Average 817 834 807 761 805 
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to the incubation mixture. With leucine as the substrate, keto-acid 
levels are tripled, while valine produces four times as much keto-acids. 
The figures are 570 micromoles/lOO mg of kidney with leucine and 1039 
micromoles with valine. 
Analysis shows significant block effects (Table 59). The 
initial treatment L is the lowest with leucine; with valine, L and LIV, 
with averages of 831 and 879 micromoles, are considerably lower than 
the other initial treatments. 
There are no significant differences among dietary treatments, but 
diet LIV has the lowest average and I has the highest. 
The comparison of keto-acid levels shown in Table 39 is on the 
basis of the entire kidney. As with the liver, body size enters into 
these figures because bigger chicks have larger kidneys. Thus, Table 60 
shows a highly significant difference due to block. There were no 
significant differences due to dietary treatment. 
The total keto-acids of liver and kidney combined per 100 grams 
body weight are shown in Table 40. The greatest amounts of keto-acids 
with valine are still present. The mean square for blocks (initial 
treatments) was not significant (Table 60). Chicks fed the isoleucine-
deficieat diet during the initial treatments tended to have higher 
relative amounts of keto-acids (basal and E averages). 
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Table 39. Total concentration of keto-acids in millimoles/kidney -
Experiment 3 
Initial Dietary treatment 
treatment Basal I L LIV Ave Average 
Substrate: leucine 
Basal 25.1 23.2 28.7 24.0 25.2 
I 34.7 23.0 26.6 26.6 27.7 
L 21.1 16.1 13.8 14.6 16.4 
LIV 28.9 26.4 32.8 24.3 28.1 
E 12.7 32.3 17.5 18.7 20.3 
F 13.3 21.5 17.8 17.1 17.4 
G 16.1 18.2 23.3 19.0 19.2 
H 26.6 26.3 27.8 22.0 25.7 
Average 22.3 23.4 23.5 
Substrate: 
20.8 
valine 
22.5 
Basal 42.0 40.7 45.5 39.3 41.9 33.6 
I 47.2 47.5 46.1 51.0 48.0 37.8 
L 34.7 27.0 23.9 24.1 27.4 21.9 
LIV 50.6 43.5 46.4 35.3 44.0 36.0 
E 29.1 48.0 38.5 43.2 39.7 30.0 
Y 26.3 51.3 35.2 39.1 38.0 27.7 
G 37.6 35.9 46.0 40.6 40.0 29.6 
H 46.2 39.5 52.4 38.5 44.2 34.9 
Average 39.2 41.7 41.8 38.9 40.4 
Average 30.8 32.5 32.6 29.8 31.4 
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Table 40. Total kidney plus liver concentrations of keto-acids in 
millimoles/100 gm of body weight - Experiment 3 
Initial Dietary treatment 
treatment Basal I L LIV Ave Average 
Substrate: leucine 
Basal 11.4 13.5 11.8 11.7 12.1 
I 10.9 9.1 11.2 10.6 10.4 
L 11.0 10.4 12.0 9.3 10.7 
LIV 11.0 8.2 11.8 11.3 10.6 
E 11.8 20.3 14.9 12.4 14.8 
F • 7.3 13.2 10.8 10.3 10.4 
G 12.4 12.4 13.0 8.8 11.6 
H 14.5 12.0 12.3 8.8 11.9 
Average 11.3 12.4 12.2 
Substrate: 
10.4 
valine 
11.6 
Basal 22.6 24.3 23.1 24.2 23.6 17.8 
I 21.1 22.8 25.8 26.0 23.9 17.2 
L 23.2 21.8 22.9 19.9 22.0 16.3 
LIV 21.5 17.6 20.2 22.5 20.4 15.5 
E 23.4 36.3 27.1 25.9 28.2 21.5 
F 20.2 36,4 27.5 25,2 27.6 18.8 
G 25.7 29.4 27.7 24.0 26.7 19.2 
H 25.8 24.5 25.9 21.0 24.3 18.1 
Average 22.9 26.6 25.0 23.6 24.5 
Average 17.1 19,5 18.6 17.0 18.1 
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GENERAL DISCUSSION 
A study of the mechanism (or mechanisms) involved in the effects 
caused by disporportionate dietary ratios among the branched-chain amino 
acids was the objective of the work reported here. 
An excess of dietary leucine retards growth. In all three experi­
ments reported here chicks fed a hi^-leucine diet had smaller weight gains 
than did chicks fed the basal diet plus isoleucine. Experiments 1 and 2 
started with one-day-old chicks. Chicks fed the high-leucine diet gained 
54 and 52 percent of the weight gain achieved by chicks fed the basal diet 
with added isoleucine in Experiments 1 and 2, respectively. 
Growth retardation is attributed to a reduction in food intake 
(Spolter and Harper, 1961). The lesser weight gains cited above for 
chicks fed a high-leucine diet were accompanied by smaller intakes of 
feed. The food intakes in Experiments 1 and 2 for chicks fed the high-
leucine diet compared with chicks fed the basal diet plus isoleucine were 
64 and 63 percent. 
In Experiment 1, an isoleucine-deficient diet was pair-fed to chicks 
in the same amount as the feed intake of chicks consuming the excess-
leucine diet. The similar weight gains lead to the conclusion that 
decreased feed intake was responsible for the depressed weight gains of 
chicks fed excess leucine. 
The isoleucine-deficient diet was not capable of supporting the best 
possible growth when feed consumption was not restricted. Thus in 
Experiment 2, two diets, capable of supporting a more normal rate of 
growth, were pair-fed to chicks at the consumption level of chicks given 
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the excess-leucine diet. These two diets did produce slightly more weight 
gain than did the excess-leucine diet, but the differences were not signi­
ficant. The conclusion that growth retardation of chicks fed a high-
leucine diet is a result of a reduction in food intake is valid for chicks 
in these experiments. 
The other major trait associated with consumption of a high-leucine 
diet is the decrease in plasma concentrations of isoleucine and valine 
(D'Mello and Lewis, 1970a; Swendseid et al., 1965; Tannous et al., 1966). 
The serum amino acid data from Experiment 1 did not show these distorted 
ratios. The concentrations of the branched-chain amino acids in serum of 
chicks fed the basal treatment are very low. Chicks on a limited intake 
of the same diet showed greater concentrations of the branched-chain amino 
acids than did chicks fed the basal diet. If the concentrations of the 
serum branched-chain ami no acids were more nearly normal for basal-
treatment chicks than the values recorded, the data would agree with the 
plasma amino acid concentrations found by the workers noted above. 
In the second experiment, serum isoleucine concentrations do agree 
with plasma isoleucine data of Tannous e£ (1966) and D'Mello and 
Lewis (1970a). The addition of excess leucine to a diet deficient in iso­
leucine reduced the isoleucine serum concentration. 
The mechanism which causes the chick to decrease its intake of a diet 
which contains excess leucine is still to be determined. The initial con­
tact of the chick with the diet involves texture and taste. The texture of 
the diets was nearly the same as the only difference was substitution of 
the branched-chain amino acids for glutamic acid. While the taste of food 
may have a large influence on the amount consumed by man and certain other 
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mammals, the chicken does not appear to be able to taste food (Scott, 
Nesheim and Young, 1969). 
The next area is absorption from the intestinal tract. Active trans­
port of amino acids at the level of intestinal absorption does occur and 
leucine is more rapidly absorbed or transported from the gut than are iso-
leucine and valine (Christensen, 1973). As the concentration of leucine 
decreases with passage through the small intestine, however, the other 
branched-chain amino acids are absorbed. The fact that additions of a 
small amount of isoleucine and valine will completely offset food intake 
depression, with the level of leucine remaining high, argues against this 
being the site of the mechanism responsible for depressed feed consumption. 
The incorporation of branched-chain amino acids into liver cells and 
protein is also an area in which isoleucine and valine might be affected by 
leucine. Spolter and Harper (1963) showed that the rate of liver regenera­
tion of rats was undiminished by an excess-leucine diet. Although this 
area of liver generation was not analyzed in this study, gross examination 
of chick livers showed no differences. 
Some alteration in catabolism seemed to be an area in which to look 
for this mechanism of food intake control. Transamination, the first 
step in catabolism of branched-chain amino acids, has been studied. In 
Experiment 1, a-ketoisovalerate was used as a standard to determine the 
amount of keto-acids present after ten minutes of incubation. With no 
amino acid added as a substrate to the incubation mixture, the endogenous 
amounts of keto-acids were determined. The endogenous concentrations of 
chick kidn^ tissue did not vary significantly among treatments. However, 
the addition of valine to the incubation mixture as a substrate increased 
keto-acids four times above the endogenous concentrations. The same 
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amount of liver tissue would only double endogenous keto-acid concentra­
tions. 
Endogenous concentrations of keto-acids in liver were almost identical 
to those of kidney tissue with the exception of the pair-fed chicks ' tissue 
(Table 11). Liver tissue of pair-fed chicks showed significantly greater 
concentrations (350.05) of endogenous keto-acids than liver tissue of 
chicks consuming the same isoleucine-deficient diet ^  libitum. However, 
when the substrate valine was added to the incubation mixture, there were 
no significant differences in the amounts of keto-acids found among treat­
ments. Thus the potential was not greater for livers of pair-fed chicks 
than for livers from other chicks in the experiment. 
In Experiment 1 the. diets were isoproteinous, isonitrogenous and 
isocaloric. With four different amounts of feed consumed (Table 6), chicks 
in Experiment 1 had four different amounts of protein, nitrogen and energy 
intakes. If treatment B is considered the optimum, and the amount of 
branched-chain amino acids per gram of gain is computed, it is then 
possible to determine if chicks on the other treatments used the branched-
chain amino acids as efficiently for growth as treatment B chicks. Chicks 
on treatments A, C, D and E consumed more of the branched-chain amino acids 
per graz of gain than treatment B chicks and had greater amounts of these 
amino acids to transaminate. The energy intake of chicks on these four 
treatments also was less than that of treatment B chicks. These chicks 
would use more of the dietary amino acids to provide energy. However, 
comparisons among treatments of the amount of keto-acids formed per 100 
milligrams of liver or kidney were not statistically different. 
When the concentrations of keto-acids formed per 100 milligrams of 
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tissue (by either kidney or liver) were adjusted to include the size of 
the organ, there were statistically significant differences. The larger 
chicks in Experiment 1 (treatments B and D) had greater concentrations 
of keto-acids per organ than chicks in treatments A, C and E. When the 
amounts of keto-acids formed in the liver were added with those formed 
in the kidney and the total expressed per 100 grams of body weight 
(Table 12), there were no significant differences among treatments. 
In Experiment 2, relative activity of branched-chain amino acid 
transaminase, as expressed by amount of keto-acids formed, was determined 
in tissue of chicks at one, two and three weeks of age instead of only 
at three weeks of age as in Experiment 1. Also, leucine was used as a 
separate substrate in addition to valine. 
In Experiment 2, endogenous concentrations of keto-acids in liver 
tissue showed no significant differences due to treatments, age of the 
chicks, or keto-acid used in the standard. The interaction between chick 
age and keto-acid in the standard was significant and indicated an 
increase in transamination of leucine with age and a decrease in valine 
transaminated. The effect of age was made much more pronounced by 
inclusion of a substrate in the incubation mixture. The trend to an 
increase in leucine transamination and a decrease in valine transamination 
was then more readily seen. The postulation by Ichihara and Takahashi 
(1968) of separate transaminases is indicated. 
Significantly more keto-acids were seen when valine was added as a 
substrate to liver tissue incubation mixtures compared with leucine as 
the substrate. With both substrates, there were more keto-acids formed 
from liver tissue of two-week-old chicks than from liver tissue of one- or 
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th.ree-week-old chicks. In addition to this increase in keto-acids at two 
weeks of age, two-week livers had significantly less protein than one- and 
three-week livers (Table 18). Possible explanations for these differences 
are speculative. One reason might be growth rate is accelerated for a 
period of time. The environmental conditions and stress on the chicks at 
two weeks of age might have been different than at one and two weeks of age. 
The superior feed efficiency of chicks at two weeks of age indicates 
better utilization of feed for growth than at one and three weeks of age 
(Table 15). The improvement in feed efficiency was due entirely to 
adaptation of pair-fed chicks to semi-starvation conditions. 
When the amount of keto-acids formed in liver tissue was expressed 
per milligram of liver protein, treatment L (excess-leucine diet) had sig­
nificantly more keto-acids than treatments E, F and G (Table 21). These 
chicks all consumed the same amount of feed and had weight gains which 
were not significantly different. The L treatment chicks, however, had 
significantly less liver protein than did chicks from treatments E, F and 
G (Table 18). If the reason for L treatment chicks having less liver 
protein than E, F and G treatment chicks is because of increased catabolism 
of liver protein, then the fact that there were no significant treatment 
differences in amounts of keto-acids formed per 100 milligrams of liver 
shows that branched-chain amino acid transaminase was in sufficient supply 
so that more of the enzyme did not need to be synthesized. 
Another indication that young chicks were able to adapt to an excess-
leucine diet was shown by weekly weight gains of chicks in Experiment 2. 
At the end of three weeks, L chicks had achieved the weight of I chicks at 
two weeks of age, and had consumed 25 percent more feed than I chicks 
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required to meet this weight. The extra 25 percent feed could likely be 
the cost of maintenance for that week. In other words, feed required for 
growth was very similar for L and I treatment chicks. It seems that 
almost normal feed consumption occurs once the chick adapts to an excess-
leucine diet. 
This ability of the chick to adapt to excess leucine, and to increase 
feed consumption, is likely a function of age. In Experiment 3, the 
crossover of diets gives evidence that three-week-old chicks were not able 
to adapt to excess leucine within two weeks. Weight gain in the fourth 
and fifth weeks of age for chicks on the L diet was nearly the same (120 
grams average in week four, and 123 grams average in the fifth week) 
(Table 27). 
Treatment LIV chicks in Experiment 2 were accustomed to consuming a 
diet with excess leucine and additional isoleucine and valine and were 
achieving good growth. In Experiment 3, when the isoleucine and valine 
were removed (dietary treatment L), weight gain was two-thirds that of 
chicks continued on the LIV diet (Table 27) . L chicks gained an average 
of 136 grams during the fourth week and 130 grams in the fifth week. 
These chicks averaged 23 grams more feed intake (377) during the fifth 
week than the fourth (Table 28) and, therefore, feed efficiency was poorer 
(Table 29). For the other dietary treatments, feed efficiencies for the 
fourth and fifth weeks were about the same within each treatment, but L 
chicks had a feed/gain ratio of 2.69 in week four and 2.80 in week five. 
In Experiment 3 (fourth and fifth weeks), the amount of keto-acids 
formed in liver tissue showed significant differences due to feed restric­
tion in Experiment 2 (second and third weeks). At four weeks of age. 
78 
livers from chicks which had been restricted in feed intake during the 
first three weeks of life showed significantly greater amounts of keto-
acids formed after one week of ^  libitum feed intake than did chicks 
which had been consuming feed ^  libitum from day one. This was true, 
regardless of the diet being consumed during Experiment 3. 
The differences in keto-acids found due to substrate were still 
significantly greater with valine compared with leucine in Experiment 3. 
Kidney tissue continued to form more keto-acids than did liver tissue. 
The differences between substrates and organs were not as pronounced at 
four weeks of age as at early ages. 
Enzyme adaptation can occur in young chicks so that isoleucine and 
valine are not severely limiting for growth when excess-leucine diet is 
fed. At three weeks of age, this adaptation is not as complete, and 
isoleucine and valine are growth-limiting. The adaptation to an excess-
leucine diet occurs after food intake is depressed. At an early age, 
feed intake will increase and growth will resume even though chicks 
continue consuming the excess-leucine diet. At an older age, the increase 
in food intake is not as large and food utilization is not improved. 
The research done in these experiments indicates that transamination 
of the branched-chaln amino acids is not responsible for food intake 
depression caused by high-leucine diets. The characteristics of the 
adaptation to excess leucine suggest that the catabolic mechanisms of the 
chick act to alleviate the detrimental ratios among branched-chain amino 
acids after appetite is depressed. The success of this adaptation is 
dependent on increased food intake and increased conversion of food for 
growth. 
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conclusions 
1. A chick diet containing 0.6 percent isoleucine, 1.6 percent leucine 
and 1.0 percent valine is deficient in isoleucine. The addition of 
0.2 percent isoleucine will alleviate this deficiency. 
2. The addition of 1.5 percent leucine causes a depression in feed intake 
and thus growth retardation. Depressed food intake can be completely 
overcome by the addition of 0.4 percent isoleucine and 0.2 percent 
valine. 
3. Chicks fed excess leucine from one day of age are able to adapt to the 
diet after a week and increase food intake and growth. Chicks given 
excess leucine at three weeks of age were not able to adapt to the 
diet by either increased feed consumption or efficiency of feed 
utilization for growth. 
4. The ratio of kidney or liver weight to body weight decreases as the 
chick becomes larger. 
5. The kidney and liver have similar levels of endogenous keto-acids on 
a per milligram of tissue basis. The addition of a branched-chain 
amino acid as a substrate in an ijn vitro mixture shows the kidney can 
produce two and one-half times as many keto-acids as the liver. 
6. More keto-acids are found when valine is the substrate compared with 
leucine as the substrate. This is true with liver tissue as well as 
kidney tissue. 
7. The mechanism for food intake depression with an excess leucine diet 
does not appear to be palatability, intestinal absorption incorpora­
tion into protein or rate of transamination. 
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8. Hie possibility of different transaminases for leucine and valine is 
likely because of the different amounts of a-ketoisocaproate and 
a-ketoisovalerate found after incubation. There is an increase in 
leucine transamination as the chicks become older, and a decrease in 
valine transami nation with increased age. 
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APPENDIX A 
Table 41. Analysis of variance of weight gain, feed consumption and feed 
efficiency - Experiment 1 
Mean square 
Source df 
Weight gain/ 
bird/week 
Feed 
consumption 
Feed 
efficiency 
Replication (R) 4 4,954 9,525 0.0325 
Treatment (T) 4 222,784* 377,859* 0.2428* 
C vs. ABD 1 209,458* 322,031* 0.2564* 
A vs. B 1 222,311* 321,281* 0.2204* 
B vs. D 1 7,128 2,888 0.0184 
A vs. E 1 2,380 10,687 0.0058 
R X T (Error a) 16 2,129 6,929 0.0191 
Weeks (W) 2 864,382* 3,523,112* 0.7700* 
T X W 8 23,299* 62,892* 0.0248^ 
Error (b) 40 764 1,412 0.0060 
^Significant at 0.01 level of probability or less here and in 
remaining tables. 
^Significant at 0.05 level of probability or less here and in 
remaining tables. 
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Table 42. Analysis of variance of kidney and liver weights expressed as 
percent of body weight and their ratio - Experiment 1 
Mean square 
Source df Kidnev Liver 
Kidney/ 
liver 
Replication 4 0.00087 0.01393 0.00037 
Treatment 4 0.02360^ O.O2435C 0.00553* 
ACE vs. BD 1 0.08640* 0.00202 0.02042* 
B vs. D 1 0.00100 0.07225^ 0.00169^ 
AE vs. C 1 0.00675^ 0.02133 0.00001 
A vs. E 1 0.00025 0.00100 0.00001 
Error 16 0.00129 0.01041 0.00054 
^Significant at 0.10 level of probability or less here and in 
remaining tables. 
Table 43. Analysis of variance for serum amino acids - Experiment 1 
Mean square 
Source df lie Leu Val Met Phe Are Tvr Lvs 
Among 4 4.95 50.26^ 17.1 13.08^ 13.55 469.23* 16.12 463.5 
Within 16 6.25 15.01 14.3 5.16 10.35 81.31 59.36 651.4 
Total 20 
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Table 44. Analysis of variance for relative activity of kidney branched-
chain amino acid transaminase - Experiment 1 
Mean square 
Endogenous (Blank) Valine-Blank Increase 
Source df per 100 mg per 100 mg total kidney 
Replication 4 54.38 188.34 242,012.08 
Treatment 4 30.70 224.77 7,862,956.42* 
ACE vs. BD 1 20.17 357.59 29,800,215.19* 
B vs. D 1 47.52 367.24 1,443,924.00 
AE vs. C 1 26.88 9.41 162,420.49 
A vs. E 1 28.22 164.84 45,265.98 
Error 16 46.45 493.67 937,608.54 
Table 45. Analysis of variance for relative activity of liver branched-
chain amino acid transaminase - Experiment 1 
Mean square 
Endogenous (Blank) Valine-Blank Increase 
Source df per 100 mg per 100 mg total liver 
Replication 4 49.64 44.64 1,000,357.16 
Treatment 4 279.74^ 37.04 10,286,904.76* 
ACE vs. BD 1 188.16 56.43 39,841,450.91* 
B vs. D 1 193.60 40.00 71,910.40 
AE vs. C 1 97.20 48.13 304,617.63 
A vs. E 1 640.00* 3.60 929,641.10 
Error 16 63.94 129.52 1,458,863.78 
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Table 46. Analysis of variance for relative activity of branched-chain 
amino acid transaminase - sum of kidney plus liver keto-acids 
in yM/100 g of body weight - Experiment 1 
Mean square 
Source df Endogenous (Blank) Valine-Blank 
Replication 4 52,459.45 74,153.96 
Treatment 4 165,224.25^ 145,835.06 
ACE vs. BD 1 43,622.42 156,558.11 
B vs. D 1 15,750.40 53,290.00 
AE vs. C 1 58,168.33 41,888.03 
A vs. E 1 543,356.10* 331,604.10 
Error 16 53,685.26 437,703.24 
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Table 47. Analysis of variance of weight gain, feed consumption and feed 
efficiency - Experiment 2 
Mean square 
Weight gain/ Feed Feed 
Source df bird/week consumption efficiency 
Block (B) 3 730^ 1,920* 0.1585% 
Treatment (T) 7 5,534% 14,537% 0.3507% 
Basal vs. I 1 6,301% 9,048% 0.5491% 
Basal vs. L 1 2,223* 8,626% 0.0828^ 
I vs. LIV 1 0.5 104 0.0198 
L vs. LIV 1 16,907% 39,285% 0.7884* 
L vs. EFG 1 20.25 0.0 0.0729^ 
E vs. F 1 10.50 0.0 0.2563% 
Basal vs. H 1 975* 0.0 0.3060% 
Error (a) 16 105 263 0.0204 
Week (W) 2 29,796% 172,443% 1.0806% 
T X w 14 218% 919% 0.2562* 
Error (b) 48 32 87 0.0290 
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Table 48. Analysis of variance of kidney and liver weights expressed as 
percent of body weight and their ratio - Experiment 2 
Mean square 
Source df Kidnev Liver 
Kidney/ 
liver 
Block (B) 3 0.01536 0.15352^ 0.00491 
Treatment (T) 7 0.04391* 0.02998 0.00875» 
Basal vs. I 1 0.05320^ 0.00184 0.00920^ 
Basal vs. L 1 0.00220 0.04250 0.00184 
I vs. LIV 1 0.01450 0.02734 0.00050 
L vs. LIV 1 0.02470 0.10800 0.01354% 
L vs. EFG 1 0.10081* 0.00562 0.02151* 
E vs. F 1 0.01984 0.00150 0.01815* 
Basal vs. H 1 0.04250C 0.00844 0.01260b 
Error (a) 21 0.01195 0.04681 0.00198 
Week (W) 2 0.08589* 1.02340* 0.00488^ 
T X W 14 0.0 2 5 29* 0.05792^ 0.00425* 
Error (b) 48 0.00996 0.02894 0.00162 
Table 49. Analysis of variance for serum amino acids - Experiment 2 
Mean square 
Source df lie Leu Val Met Phe Arjg Pro 
Week 1 7.5625 33.0625 1.0000 0.0625 1.0000 14,641.000* 27.5625 5.0625 
Treatment 7 12.7054^ 19.2053 36.2500 4.7054 4.4286 164.393 14.2768 9.2054 
Error 7 2.7054 17.3482 20.1429 3.7768 2.7143 148.571 11.8482 4.2054 
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Table 50. Analysis of variance for percentage liver protein - Experiment 
2 
Source df Sum of squares Mean square 
Block (B) 3 59.4086 19.8029* 
Treatment (T) 7 45.6774 6.5253^ 
Basal vs. I 1 2.2817 
Basal vs. L 1 7.8204^ 
I vs. LIV 1 4.6817 
L vs. LIV 1 4.3350 
L vs. EFG 1 27.5625^ 
E vs. F 1 3.5267 
Basal vs. H 1 2.8704 
Error (a) 21 42.8638 . 2.0411 
Week (W) 2 87.8931 43.9466* 
Linear 1 0 . 00 7 6 
Quadratic 1 87.8855* 
T X W 14 42.7085 3.0506 
Error (b) 48 277.1050 5.7730 
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Table 51. Analysis of variance for relative activity of endogenous and 
substrate incubation for branched-chain amino acid transaminase 
of chick liver - Experiment 2 
Mean square 
Source df Endogenous With substrate 
Block (B) 3 29,885.9% 31,623% 
I vs. II, III, IV 1 26,474.0% 89,002* 
II vs. Ill, IV 1 19,833.7 5,469 
III vs. IV 1 43,350.0% 396 
Treatment (T) 7 7,882.1 4,708 
Error (a) 21 8,429.2 3,618 
Week (W) 2 11,532.2 102,102% 
Linear 1 1,837.7 10 
Quadratic 1 21,226.6 204,195* 
B X W 6 63,270.5* 198,265% 
T X W 14 5,498.1 8,020 
Error (b) 42 15,123.2 6.134 
Substrate (S) 1 1,662.6 737,552% 
T X S 7 93.6 2,913 
Error (c) 24 . 734.6 3,118 
W X S 2 15,849.4^ 59,466% 
T X W X S 14 298.6 2,928 
Error (d) 48 4,095.0 15,843 
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Table 52. Analysis of variance for relative activity of branched-chain 
amino acid transaminase in chick liver by micromoles/mg 
protein and millimoles/liver - Experiment 2 
Mean square 
Source df Act/me protein mMoles/liver 
Block (B) 3 1.420778 90.979* 
I vs. II, III, IV 
II vs. Ill, IV 
III vs. IV 
1 
1 
1 
3.238500^ 
0.111235 
0.912600 
136.695*) 
135.576b 
0.667 
Treatment (T) 7 1.000779 378.075* 
Ad libitum vs. pair-fed 
Basal vs. K 
Basal vs. L 
L vs. LIV 
L vs. EFG 
E vs. F 
Basal vs. H 
1 
1 
1 
1 
1 
1 
1 
3.743626^ 
0.089269 
1.059102 
1.972352= 
6.043606* 
0.202800 
0.336675 
1,136.853* 
335.885* 
53.975= 
772.808* 
39.605 
49.208 
3.968 
Error (a) 21 0.617970 17.549 
Week (W) 2 19.300950* 3,341.011* 
Linear 
Quadratic 
1 
1 
0.000176 
38.601725* 
6,520.820* 
161.202* 
B X W 6 16.618230* 349.012* 
T X W 14 0.721884 66.286* 
Error (b) 42 0.822942 19.352 
Substrate (S) 1 74.463463* 1,287.541* 
T X S ? 0.443925 15.821 
Error (c) 24 0.402846 13.980 
W X S 2 8.056698^ 156.974 
T X W X S 14 0.290259 8.251 
Error (d) 48 1.940756 56.266 
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Table 53. Analysis of variance for relative activity of branched-chain 
amino acid transaminase in chick kidney, endogenous and 
substrate inclusion - Experiment 2 
Mean square 
Source df Endogenous With substrate 
Week 2 11,277^ 208,087® 
Linear 1 13,571% 373,248* 
Quadratic 1 8,683* 42,926^ 
Treatment 7 2,718^ 13,220 
Ad libitum vs. pair-fed 1 631 631 
Basal vs. I 1 420 884 
Basal vs. L 1 9,633* 4,440 
L vs. LIV 1 768 22,188 
L vs. EFG 1 6,235b 9,225 
E vs. F 1 6,211^ 65 
Basal vs. H 1 1,430 26,791= 
Substrate X 90,133" 4,349,450* 
Error 37 921 8,173 
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Table 54. Analysis of variance for relative activity of branched-chain 
amino acid transaminase in chick kidney by millimoles and for 
total liver plus kidney in millimoles/100 gm body weight -
Experiment 2 
Mean square 
Source df mMoles/kidney mMoles/lOO g body weight 
Week 2 1,639% 34.28* 
Linear 1 3,266* 0.55 
Quadratic 1 1 68.01* 
Treatment 7 69* 5.58 
Ad libitum vs. pair-fed 1 322* 13.23c 
Basal vs. I 1 39 0.01 
Basal vs. L 1 5 9.72 
L vs. LIV 1 74^ 11.41= 
L vs. EFG 1 40 22.56^ 
E vs. F 1 6 1.47 
Basal vs. H 1 10 5.07 
Substrate 1 1,612% 1,054.69* 
Error 37 16 3.57 
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Table 55. Analysis of variance of weight gain, feed consumption and feed 
efficiency - Experiment 3 
Mean square 
Source df 
Weight gain/ 
bird/week 
Feed 
consumption 
Feed 
efficiency 
Replication 1 2.531 3,090.946 0.3003* 
Treatment (T) 31 4,183.645* 8,413.756* 0.3225* 
Initial 7 2,356.857* 15,920.892* 0.1444* 
Basal vs. I 1 4,418.000* 31,941.281* 0.0042 
Basal vs. L 1 16.531 8,450.000% 0.1458= 
I vs. LIV 1 190.125 4,278.125^ 0.2000% 
L vs. LIV 1 3,220.031^ 42,122.531* 0.1116C 
L vs. EFG 1 994.630 8,775.021% 0.0005 
E vs. F 1 2,869.031^ 5,151.125c 0.3022* 
Basal vs. H 1 3,806.281^ 1,968.781 0.1200^ 
Diet 3 34,857.563* 37,489.258* 2.7452* 
lie 91,485.031* 92,718.945* 6.7253* 
Leu 1 4,441.531® 4,106.445 0.7812* 
lie X Leu 1 8,646.125* 15,642.382* 0.7290* 
Initial x Diet 21 410.586 1,757.734 0.0358 
Error (a) 31 582.806 1,483.752 0.0411 
Week (W) 1 23,436.125* 137,728.196* 0.0038 
T X W 31 522.367% 506.486 0.0442 
Error (b) 32 94.422 676.070 0.0289 
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Table 56. Analysis of variance of kidney and liver weights expressed as 
a percent of body weight and their ratio - Experiment 2 
Mean square 
Source df 
% 
kidnev 
% 
liver 
Kidney/ 
liver 
Replication 1 0.0113 0.0081 0.0024 
Treatment 31 0.0129^ 0.1052* 0.0047* 
Initial 7 0.0131^ 0.1662* 0.0040* 
Ad libitum vs. pair-fed 1 0.0000 0.4556* 0.0186* 
Basal vs. I 1 0.0495b 0.0495 0.0033 
Basal vs. L 1 0.0025 0.0068 0.0018 
L vs. LIV 1 0.0068 0.2232^ 0.0042^ 
L vs. EFG 1 0.0007 0.0732 O.OO35C 
E vs. F 1 0.0052 0.0812 0.0002 
Basal vs. H 1 0.0352^ 0.0081 0.0056% 
Diet 3 0.0210^ 0.3146* 0.0227* 
île 1 0.0546* 0.7056* 0.0670* 
Leu 1 0.0051 0.1139 0.0006 
lie X Leu 1 0.0032 0.1242 0.0007 
Initial x Diet 21 0.0116C 0.0372 0.0023c 
Error 31 0.0068 0.0401 0.0012 
101 
Table 57. Analysis of variance for relative activity of endogenous and 
substrate incubation for branched-chain amino acid transami­
nase of chick liver - Experiment 3 
Mean square 
Source df Endogenous With substrate 
Replication 1 7,812 88,463* 
Treatment (T) 31 20,819 15,074^ 
Initial 7 60,785^ 19,226^ 
Ad libitum vs. pair-fed 1 150,563^ 113,110* 
Diet 3 26,751 12,864 
lie 1 9,112 4,572 
Leu 1 59,513^ 7,427 
lie X Leu 1 11,628 26,594= 
Initial x Diet 21 6,650 14,006^ 
Error (a) 31 20,762 6,712 
Substrate (S) 1 408,382* 4,967,158* 
T X S 31 2,166* 6,101 
Error (b) 32 552 16,000 
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Table 58. Analysis of variance for relative activity of branched-chain 
amino acid transaminase in chick liver by micromoles/mg 
protein and millimoles/liver - Experiment 3 
Mean square 
Source df Act/mg protein mMol es/liver 
Replication 1 8.773* 976.8^ 
Treatment (T) 31 3.215* 314.0^ 
Initial 7 8.743* 449.3b 
Ad libitum vs. pair-fed 1 43.257* 367.9 
Basal vs. I 1 2.226 332.2 
Basal vs. L 1 3.119^ 596.8^ 
L vs. LIV 1 0.184 1,680.6* 
L vs. EFG 1 33.308* 1,709.4* 
E vs. F 1 0.055 98.4 
Basal vs. H 1 7.315* 435.9C 
Diet 3 3.715b 446.0^ 
He T_ 0.034 780.1^ 
Leu 1 0.821 16.0 
He X Leu 1 10.289* 542.0^ 
Initial x Diet 21 0.824 249.8C 
Error (a) 31 0.900 138.8 
Substrate (S) 1 571.262* 44,618.3* 
T X S 31 I.254C 106.5C 
Error (b) 32 0.756 58.9 
103 
Table 59. Analysis of variance for relative activity of branched-chain 
amino acid transaminase in chick kidney, endogenous and 
substrate inclusion - Experiment 3 
Mean square 
Source df Endogenous With substrate 
Bio ck 7 7,416 49,158* 
Diet (D) 3 1,707 15,699 
lie 1 1,925 3,249 
Leu 1 582 27,972 
lie X Leu 1 2,614 15,876 
Error (a) 21 4,608 11,319 
Substrate (S) 1 79,594* 3,515,625* 
D X S 3 146 99 
Error (b) 28 407 11,375 
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Table 60. Analysis of variance for relative activity of branched-chain 
amino acid transaminase in chick kidney by millimoles and for 
total liver plus kidney keto-acids in millimoles/lOO gm of 
body weight - Experiment 3 
Mean square 
Source df mMoles/kidney mt&iles/lOO s body weight 
Block 7 215.75® 27.62 
Ad libitum vs. pair-fed 1 50.94 116.91* 
Basal vs. I 1 73.10 1.62 
Basal vs. L 542.89* 9.15 
L vs- LIV 1 796.65* 2.56 
L vs. EFG 1 309.60^ 75.08^ 
E vs. F 1 21.16 28.09 
Basal vs. H 1 7.29 0.30 
Diet (D) 3 30.15 23.81 
He 1 4.36 2.37 
Leu 1 2.60 4.05 
lie X Leu 1 83.49 65.00^ 
Error (a) 21 51.10 13.72 
Substrate (S) 1 5,114.04* 2,692.31^ 
D X S 3 1.73 4.61 
Error (b) 28 13.59 3.90 
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APPENDIX B 
Analytical Procedures 
Determination of serum free amino acids 
Serum free amino acids were measured on a Technicon Amino Acid 
AutoAnalyzer by the method of Stein and Moore (1954) and Moore, Spackman 
and Stein (1958). 
Procedure Blood samples were collected from the carotid artery 
of chicks into test tubes and allowed to coagulate at room temperature 
for about 12 hours. Serum was then drawn off and frozen in vials until 
determination of amino acids. 
Serum samples were prepared for amino acid analysis in the following 
manner. Four milliliters of serum in a plastic centrifuge tube was mixed 
on a vortex mixer with four milliliters of a 20 percent sulfosalicyclic 
acid solution containing the internal standard norleucine. This mixture 
was centrifuged at 10,000 rpm in a Servall centrifuge for 20 minutes. 
Six milliliters of the clear supernatant was transferred to a plastic 
culture tube and the pH adjusted to 7.0 with 5N sodium hydroxide. After 
standing for four hours the pH was adjusted to 2.0 with 5N hydrochloric 
acid and then transferred to a 10 milliliter volumetric flask. The solu­
tion was diluted to volume with demineralized water and returned to the 
culture tube and frozen until analyzed. One milliliter of the final 
solution, containing 0.09999 micromoles of norleucine was used for amino 
acid analysis. 
The area under the peak on the sample chromatograms was conçared 
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with the area of the peak of the respective amino acid of a known concen­
tration to determine the micromoles of amino acid in the sample. 
Determination of branched-chain keto-acids 
The method is basically that used by Idiihara and Koyama (1966) . 
Experiment 1 
Reagents 1) l.OM pocassium phosphate buffer, pH 7.4; 2) 
O.OOIM pyridoxal phosphate; 3) 0.025M 2-mercaptoethanol; 4) O.OIM 
a-ketoglutarate; 5) 10% trichloroacetic acid; 6) 0.5% 2,4-dinitrophenyl-
hydrazine in 2N hydrochloric acid; 7) toluene; 8) 10% sodium carbonate; 
9) 1.5N sodium hydroxide; 10) O.IM L-valine; 11) a-ketoisovaleric acid. 
Procedure A sample of organ was homogenized with l.OM 
potassium phosphate buffer in a Potter-Elvehjem tissue grinder. A final 
solution of one gram of tissue per five milliliters of buffer was 
attained and the homogenates centrifuged in a Servall centrifuge for 15 
minutes at 10,500 rpm. The supernatant was transferred to a glass test 
tube and frozen until analysis. 
The following were mixed in a 15 milliliter glass centrifuge tube: 
0.5 ml of l.OM potassium phosphate buffer; 0.05 ml of O.OOIM pyridoxal 
phosphate; 0.3 ml of O.IM L-valine; 0.5 ml of homogenized supernatant; 
and 0.1 ml of 0.025M 2-mercaptoethanol. 
For the blank, demineralized water was substituted for L-valine 
and the sample supernatant. For the standards, demineralized water was 
substituted for L-valine and a-ketoisovaleric acid of known concentration 
was substituted for the homogenized supernatant. 
The mixture was pre-incubated in a covered water bath at 37°C for 
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five minutes. Then 0.05 ml of O.OIM a-ketoglutarate was added and 
incubation continued for 10 minutes. Reaction was stopped with the 
addition of 1.5 ml of 10% trichloroacetic acid. 
The 3 ml of solution was then centrifuged at 1500 rpm for 10 
minutes. Two milliliters of the clear supernatant was transferred 
to a 15 milliliter glass stoppered centrifuge tube and pre-incubated 
at 25°C for 5 minutes. Two ml of 0.5% 2,4-dinitrophenylhydrazine was 
added and the mixture incubated for 5 minutes. 
The next step was the addition of 5.0 ml of toluene. The tube was 
shaken vigorously for 2 minutes. The a-keto-acids were then in the 
upper toluene layer and the lower layer was carefully removed. Five 
milliliters of 0.5N hydrochloric acid was added and the resultant 
contents shaken for 1 minute. Centrifugation at 600 rpm for 20 minutes 
was followed by the transfer of 3 ml of the toluene layer to a test tube. 
Three milliliters of 10% sodium carbonate was added to the 3 ml of the 
toluene layer and mixed on a vortex mixer. From the sodium carbonate 
layer (bottom), 2 ml were carefully pipetted and placed in a test tube. 
To this was added 2 ml of 1.5N sodium hydroxide. 
The final solution of 4.0 ml was then read at a wavelength of 440 
nm on a Gilford 300-N micro-sampler spectrophotometer. One chick from 
each treatment was done each day to help minimize day-to-day variation. 
All analyses were done in duplicate. 
Experiment 2 
Reagents The reagents were mostly the same as in Experiment 
1 except that O.IM of a-ketoglutarate was used instead of O.OIM. Also, 
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O.IM L-leuc±ne was added as a separate substrate and thus o-ketolsocaprolc 
acid was used for a standard in addition to a-ketoisovalerlc acid. 
Determination of protein 
The method used was that described by Lowry et (195D and adapted 
for autoanalysis. 
